





Bhs itin 


- t "* ex ee “7 


me . 
7 
. 


< 


PRINTED TED ON THIN PAPER FOR ¥_ CIRCULATION 


ENGIN EERING: 


An Silnsteated 


Weekly Zonrnal. 


EDITED BY WILLIAM H. MAW AND ALEX. RICHARDSON. 





OFFICES FOR ADVERTISEMENTS AND PUBLICATION, 35 & 36, BEDFORD STREET, STRAND, LONDON, W028 








VOL. CXIIL.—No. 2943.] 


LONDON: 


FRIDAY, MAY 26, 1922. 


[Petipa a'Necepager,] [PRIOR ~- ln 


By Forrien Post 
ls. 4d 





8. o 





A welling & Porter, L4 


ROCHESTER. 


S team 
Road Rollers & TT actors. 


A umford, td., 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY anp Wan Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 


See Advertisement, pages 29 and 63, last week. 


PATENT vase TUBE BOILERS, 
UTOMATIC FEED REGULATORS, 


And Secs ay aren” f as supplied to the 
Admiralty. 


J ohn H, W asonéCo., Ltd., 
Birkenhead. 


See Illustrated Advertisement Page 100, Jan. 28, 1921, 


9863 








Locomotive Shunting Cranes | 


Steam and Electric Cranes; 


EECA ATO Cian E-N avr IBS, GRABS, 


CONORETE-MIXE 
SHIPS’ WINDLASSES WINCHES, and 


DECK MACHINERY, 
List of Stawparp §1ze8 ON APPLICATION, 
London Office: 15, VICTORIA STREET, 8.W.1. 


FOR 
50, Wellington | Street, Glasgow. 9674 
T Specification and WorkmaushIp equal to 


rop orgings 
writ 
GARTSHEREIE ENGINEERING & FORGE OO., 
ank Locomotives. 
Main Line Locomotives. 
R. &4 W. HAWTHORN, LESLIE & CO., Lrp., 
Byoureens, NEWCASTLE-ON-TYNE. 94 


637 








pencer- FJ opwood”’ Patent 


Sole Makers : Boilers. lay 18 . 


SPENCER - BONECOURT, Lrp., 
Parliament Mansions, Victoria St., London, 8. Ww. 


fans and Blowers .— 


We are always prepared to reserve trade 

commission on.any sales resulting from intro- 

duction to new firms interested in our —- 

of Fans and Blowers for boiler draught, hea ang 

and ventilating, “te fe aad | gy oning, d 

extraction, fires and cupolas, 
conveyance 


preumatie os ee materials .— 
ESSIVE ENGI ix IkG somrrass 
LLUMETED, Leicester. 9753 


J. Davis, M.l Mech.E., 
a. Gen » ines oe Tested and 


ported U ae 2% ce. Tel.: 
Tetend Wire: * Lendon.” 
1794 


—Great Bastern ond, Stratford, B. 15. 
Steam Hammers (with or 
TOOLS for SREPBULLDEES & BOILERMAR aS 


DAVIS& PRIMROSE, Lawrr1 Luwrrep,Lerre, EpUWBURGE. 
Prete’ 8 Patent Ltr Co 
Hammers, Presser Presses, Furnaces, 
Bever, Dotling & Co., Lad., 


HIGH-CLASS ENGINES FOR DR ALL PURPOSES 
also WINDING IL HAULING, AIR COMPRESSING 
and PUMPING ENGINES. 1896 
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‘Yarrow & Co. aw, Ltd.,,! 
percadunbagt AND ENGINEERS, 


SPEEDS UP. fo 45 MILES AN HOUR. 
PADDLE OR SCREW STEBAMERS OF 
EXCEPTIONAL Suattow Dravenrt. 
Repairs on Pacific Coast, 
P YARROWS, LIMITED, Victoria, British 
lumbia. 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


| CALORIFIERS, 


les Limited, 


| ENGINEERS, IRLAM, MANCILESTER. 


FEBD WATER HEATERS, 
EVAPORATORS, 
CONDENSERS, AIR HEATERS, 

Merrill's Patent TWIN STRAINERS for Pump 


Suctions. 
SYPHONIA SPRAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 

KT an SOFTENING ant FILTRWING. 8723 


now's 
PATENTS. 





(Sampbelis & Fetes. L 4: 


SPECIALISTS IN 
Drillers & Boring M sehinaiy | 
for Bngine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


V osPER. & « Co., Lap. ' 





BNGINEERS & 


SHIP & LAUNOM BU BUILDERS, | o4 se) 


b Nga eR 
tewarts and Loree L4.. 


SWALD 8T., GLASGOW 
BROAD p sticmer ‘eases, BIRMINGHAM, 


a EkEe Bove Oxp Broap Sraerer, HY 2. 
“oNBoR 167, gt Taames Sr., HE. 
eee Wau HO B—63, ParnapiseE Sr. 
PN Nabe ga Hpsmeate. 
CARDIFF MS me Nh 
ak ey STREET, 


me. . a heny 
See Advertisement, page 26. 9952 





(Cochran Sy _ 


CROSS-TUBE TYPES. 
See page 17, M y 19. 


Boul ers. Ng 
[the Mitchell (Conveyor and 


TRANSPORTER CO., LTD., 
ConTRAcTINe BNGINEERS. 





DESIGNBRS and BUILDERS 
of 
all Classes of HANDLING MACILINERY. 


Atlantic House 
, Holborn Viaduct, 
London, B.C. 1, 


“ Micontraco, Cent, London.” 


Holborn 286 9759 


Telegrams: 
Glasgow Railway 


Telephone: 
TH 

Engineerin Company, 

VAN,G ow. Lrp., 


London os Victoria eet S.W. 
ACTUBERS 0 
RAILWAY CAMMIAG WAGON & TRAMWAY 
WHE AXLES. 


EELS & 
CARRIAGE & WAGON LRONWOREK, also 
CAST-STEKEL AXLE BOXKS. 540 


Diesel Engines, Six Cylinder, 
Two and Four stroke, 850, 1000, 1200 HP., 
excellent condition. Dynamos for above 250 or 500 
volts, “2 C. Immediate deliver + low price. 
Two 500 Kw. Parsons T e Sets, 250 or 500 
volts, D.O., with condensing plant and spare 
armature. Price £2200 
Electrical driven Centrifu 1, 
Pumps from 1} in,-10in. outl 
ENNINGS, 
West Walls, Newcastle-on-Tyne. 


P. & W. MacLellan, Limited, 


pa + Achcowe I, oe 


RAILWAY | GARRIAGES AND WAGONS — 
EVERY DESCRIPTION, 
RAILWAY INONWORE, BRIDGES, ROOFING, &c. 
Chief Offices: 129,Trongate,Giaseow. Od 8547 
Registered Offices: Clutha H 10, Princes St., 
Westminster, London, gw 





Ram and other 


9742 








ardening & Heat Treatment. 


An gen of tout “ES. Chasers for adjustable 
colouring, =. 8 ag 


 eellable Work” i 





C™ a Bandeto: Steam, 
BTpeaverc ba BL hee 


Glasgow. ‘yeas 


We eater a 
eT AALS. Suir 


ee 





nt Eee Oo 
sang EET 


yonomy l 


HIGH BOILER EFFICIENCIES 
ARE OBTAINED BY INSTALLING 


fiodd Qi Burners 


FUEL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 
49-51, Eastourap, Lorpon, B.C. 3. 
TODD SHIPYARDS CORPORATION, 
Builders of Steam and Motor Ships, Repairers, 
Electric Drive Installat ious. 
Twenty-one Floating Docks, Two Graving Docks, 
Twelve Shipways. 
25, Broadway, New York, U.S.A. 


9960 
Patent 

Gee’ S Hydro Paeanattc ASH Ejector. 
Great saving of labour. No noise, Ne dust. No 
a Ashes Ry ed 20 ft. clear of vessel.—Apply, 
F. J. TREWE PROOTOR, Lrp., Naval Archi 

; tock and Surveyors, 43, Billiter Bldgs. ke — | 
London, B.C, : 1835 








ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office: 101, LeapewHat. Sr., B.C, 3. 
Works: Buryr Mri, near Hag.Low, Hissex. 


J 


Makers of 

ae ting and Distilling Plants. 
ea ner nee Ice-Making Machinery. 
ater 
vag 

Water Distillers. 
Main Feed reat 
Combined Circulating and Air p Pee 
Auxiliary Surface — 


S. Sokal, 


1, » Grent James Ghranhy Bob et Baw, Lenten. W25, 
N. 4515 Museu 9675 


Ki lectric (jranes. 


9604 





CHAKTBRED 
PATENT AGENT. 





S. H. HEYWOOD & Co., Lrp., 
Reddish. sees 





Iron and Steel 


Y idoytel and ittings. 


of “Armco” = 


Tubes. 
The Scottish Tube Co., Ltd., 





Heap Orrice Robertson Street, Glasgow. 
See Abedibented wae 





Sele Licensees in Great Britain for the manufacture | BLBOTRI 
Rust and Corrosion 


Tas GLascow Rolie Stock ayp PLant Works. 


urst, Nelson & Co., Ltd., 
PT ATCA RELAGES. WAdons 


DESCRIPTION 
or RAILWAY and. TRAMWAY ROLLING STOCK, 
Makers of WaEEls 





eee 
— 


°Y arrow Patent 


Witer- -Tube Boilers. 
Messrs. YARROW &  vartoon pare = 


PRESSING and MACHINING a ‘ie 
of Yarrow Boilers, such as the Steam et 
Pockets, and Superheaters for — 


Firms not having the n 
YAKROW & 00. (1903), ae el Graseow. 


-) ohn Bellamy T jmited, 
MILLWALL, LONDON, 8. 
Guwepat ConsTRvcTIONAL ENGINEERS. 1216 


Boilers, Tanks & Mooring Buoys 

Stris, Pernot. Tangs, Am Recrivens, Sree. 

Ourmyrys, Rivertep Steam and VENTILATING 

Pipes, Hoppers, Sproran Work, REpaims oF 
ALL KINDS. 


‘| Sauway AeD TRaWAt ROLLING STOOK. 
Hu Nelson & Co L@ 


THE GLaseGow Ro.Liive STock anp PLayr big 
MoTHERWELL. 


He, Wrightson & C 


LIMITED, 


See Advertisement page 56, May 10, 








rane and is eae up to 


Blocks and Wi f ‘laine 
Jacks, Patent twoapeed Hparaulle ducks. itosks, 


Swivels shackles Genera neral ‘tg We s' Work, ssi Beale 
*Phone—Holb. 641. Tele—Andrubo, Holb., London, 
A ndrews & Beaumont; 


CHARTERED PATENT AGENTS, 416 
29, Southampton Buildings, Londen, W.O. 2, 


R ailway 
G witches and 
rossings. 
T. SUMMERSON & SONS, LIMITED, 
Daauineror, 














GOLD MEDAL-Isventions Bxurerrion-A’ antler 


Duckham’ s Patent Sus 


ni 
WEIGHING MACHLINES,— 

ROAD ENGINEERING WO AN 

eam Sw Cranes, Grain 


TD, 
&c, 
llus, Advt, last week, page 1}. 





W ayrcoop-Orig 








Pott, ((aseels  & Wy illiamson, 


v1 
See half-page Advertisement page 40, May 12. 





ee Deo 





ammers 


Pier By 2 ee ' 


G riction 


Saat cade 
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[May 26, 1922. Z 








r[the Manchester ester Steam User’ 
of ny ebe Arpt 


Pees om, 
FamBagnn. 





1922 J. 027. 
In THe Hier Court - See, 
Cuancery Dryisi 
MR, JUSt1OR SARGANT. 
IN THE MATTER OF J. G, WHITE AND 
COMPANY Cite AND REDUCED 


IN THE MATTER ‘OF THE COMPANIES 
(CONSOLIDATION) ACT 1908, 


Notice is Hereby Given that 


the Order of the High Court of Justice 
Clisticery Division dated the %th May 1922 
confirming the reduction of the capital of the 
above naméd Company from £500,000 to £350, 
and the Minate approved by the Court shewing 
with respect to the Share Capital of the Company 
as altered the several particulars required by the 
above Act were registered by the Registrar of 
Companies on the 19th May 1922. The Minute 
t's In the words and figures following :— 
| “The Capital of J. G White and Company 
Limited avd. Reduced is £350,000 divided into 
180,000 Preference Shares of £1 each 400,000 
Ordinary Shares of 5s. each and 70,000 Ordinary 
Shares of Zi each. At the time of the registration 
of this Minute the whole of the said 1#0,000 
Preference Shares numbered 1 to 120,000 inclusive 
and 200,000 of the sald Ordinary Shares of 5s. 
each numbered 1 to 209,000 inclusive have been 
Assued and are to be deemed fully paid and the 
remaining 200,000 Orijnary Shares of 5s. each 
and the whcle of the said 70,000 Ordinary Shares 
21 each are unissued. 
Date’ this 22nd day of May, 1922. 
Acoma e Wty RDS & JULIUS, 
da Jewry, London, BO, 2. 
Bolicitors for the sald Company. U 293 








op Jt PRD iow RAILWAY COMPANY, | 
\s Prepairesd to vec bes 


elves 


DS W. 
iteatlons and Tender ? s mey be Stained 
ie Offices by 6.3. Eth Le ye House, 
80, Bis is.charged, 
which cannot aaa circu beret urned, 
wings may be 
by ap Po to Messrs, Hopers BenneTz & 
Lid., 78, Queen Victoria 0. 4 
Tenders must be delivered at ihe Company’s 
mtg not later than Noon on Friday, 9-b June, 


The Directors do not bind themselves to accept 
the lowest or any Tender. 
By Order of the Board, 
OSWALD I. MILNB, 


Secreta 
20th May, 1922. W188 


THE GOVERNMENT OF THE BAHAMAS 
is prepared to thet 


I[\enders for the Dredging 
ENTRANCB CHANNKL and 
MOORING BASIN Banc the Harlour of 

Nassau, New Providence, Plans, Specifica- 

tion and Form.of Tender may 7 be obtain from the 

Office of the CROWN AGENTS. FOR THE 

COLONIES, 4, Millbank, Westminster, S.W, 1, on 

deposit of Ten Pounds, which will be returned on 

receipt of a bona Tender. 
ee enquiries should be addrevsed to Mr. 

8. R. H. Bearp, Harbour Engineer, Nassau. The 

BK 8. net quantities to be removed are 

estimated at 468,000 cuble yards of limestone and 

corallime rock and 616,000 cubic yards of sand, 

The depth to be dredged over the bar is 27 [t. at low 

water and the range of tide does not exceed 4 ft. 

Tenders will be opened in Nassau on_lith only, 

1922, 








BELFAST HARBOUR. 


The Belfast Harbour Commissioners are prepared 
to receive 


f bape for the Construction 
ofa maipes and APPROACHES in Timber, 
, on the eastward side of the 





PaTENTs AND Desrens Acts, 1907 & 1919. 


otice is Hereby Given that 

‘ THE BRITISH THOMSON-HOUTSTON 
co PANY, LIMITED, of Crown Houso, Aldwych, 
Loridon, WC. 2; Beek Leave to Amend the Specifi- 
ation for Letters’ Patent No. 174181 entitled 
“Tmprovements in and relating to Klastic Fluid 
Te ne Rotor ard method of making same.” 

Particulars of the proposed amendment were set 
forth in the Hustrated Official Journal (Pa: ents), 
issued on the 24th May, 1922, 

Any person, or persons, oo | give noticeiof —— 
tion to the Amendment by leaving Patents 

©. 19 at the Patent Cee, 25, Southamp*‘ on 

alldir Lendon, W.C. 2; within’ one ‘calendar 
month rom the date ef the said —— 

W. TEMPLE FRANK 


Comptro! en Genétai., U 3a7 


(erres ondence Courses for 
i Engrs/, Tost. Mech.B,, London Univ. 
atric, Juve B: o.), and ALL ENGINKBRING 
XAMINATI rsonally conducted bs MR. MR. 
T OTL 1P8, B.8c. Cigneumt, Atgee 
Mint Ck M.RSI., F.R.S.A., &c. Also Day 
Taition in' Office, “Hxcellent results at all Exams. 
rees may commence at any time, and all 
Students receive individual tuition.—For full = 
ticulars apply to 8/11, TraFrornp CHampenrs, 58. 
Sours Joun Srrext, LIVERPOOL, 5 








net. CvE., IL. Mech. E., B.Sc., 


and all Engineerin wre KW, —Mr.G. P. 
KNOWLAKS, B. -M .Jnet.C.K., F.8.1., 











by c ences 
p 8 the last sixteen Fo urses May com- 
mence at any time.—39, Victoria St., 
S.W. Tel, 4780 Victoria 

‘nst..0.E.. Exams.—Successes 
ing. Suctesses b hundreds, several prizes. 
oy embraces years’ ‘essional 
Address, 14%, Offices of BnGINEERING. 

C —FORTHCOMING EXAMIBFATION. 
Department of the General Post Office (17-22), 
6th June. 
cations can be received. They must te made on 
forms to be obtained, with particulars, from The 
ton Gardens, London, W. 1. at S28 

of . . Vessels. —A 

Practica vd 

spondence.—Add for particulars and terms, 


M. 
M. R.San.1., PREPARES “ChNDIDATIES personally 
Westminster, 
745 
as usual last Bxam.by Correspondence op, Ooms 
fe ivil Service Commission 
— INSPECTORS in the Engineer-in-Chief’s 
The date specified ts the latest on which appli- 
SECRETARY, Civil Service Som mission, mcr 
OWE rin 
Course of Instruction Corre. 
1748, Offices of ExGixnrrrine. 





TUTORS, 254, Oxford Road, Manchester. 

1878... Knrol now for 1.C.K. and IM. hes Postal 

100 per cent, eee last ms. Reinforced 
Conorete — a_ new ehensive course vader 
expert. engineer, £3 a rite for particulars, 9750 


Pena e nn oo University 
b, 


TENDERS. 
THE ADEN PORT TRUST 
> invite " ‘ 
nders from. Shipbuilders 


for SUPPLY of a SINGLE SOREW STBAM 
TUG to . vessels up to 5,000 tons and turn vessels 
to 8 Fr of 


etc., can 
ult Bo 








melt an Wt 1, not ed te 
—— to 


ae 


the 
a | Memenain, Welter 1 
1- | Glasgow. ~"Beated 0 


Sag] 


tea Channel Co, Down—all in aceordance 
with drawings which may be seen at the office of 
the Harbour Engineer, Mr. T. S. Gitperr, 
M.Ins:.C E., from whom copies of the Conditions 
of Contract; Specification and Form of ‘Tender 
bad be obtuined. 

‘enders must be made on the Form provided for 
the purpose, and must be enclosed in a sealed 
envelope, endorsed “Tender for Construction of 
Bridge and Ape ee. addressed to the General 
Manager and Secretary, Belfast Harbour Com- 

missioners, and delivered to him not later than 
Monday, the lath June, 1922, 

The Commissioners do not’ bind thetiselves to 
accept the lames or Ne Tender. 

ATKINS, 
" General Manager and Secretary. 

Harbour Office, Belfast, 

17th May, 1933, U-279 


METROPOLITAN WATER BOARD. 


The Metropolitan Water Board invites 


enders for the Supply, 

TESTING and SETTING TO til i) 
STBAM DKIVEN prog pret te SHUNTING 
JiB CRANE of 4 5 ty at the 
BATTERSBA ruMina STATION (South Lam- 

beth Sidin, 

| Forms Fra Tender, ME iaieas of Contract, etc., 
| be obtained on application at the Offices ‘of the 








15, Board (Room 150), 113, Rosebery Avenue, B.C,, by 


onal application or u forwarding a stamped 
fea. oaavened brief 


enve’ Tendets enclosed in 

= envelopes a’ ‘dressed i to “The Clerk of the 
rd, Metropolitan Water Board, New River Head 

173, Rosebe Avenue, B.C, 1,” and endorsed 
“Tender for ‘0. Crane,” must be delivered at the 
Offices of the Board not later than Ten a.m. on 
Friday, 2nd June, 1922. The Board do net bind 
themselves to accept the lowest or any tender. 


00 
. “Clerk of the Boara. 
Offices of the Board, 
New River Head, 
173, Rosebery Av 
Clerkenwell, 
16th May, 1922. 


McHAFFIE & COMPANY, LIMITED 


(In Aaguianaee), 
Tinsmiths and Sheet Metal Workers, 
6 ell Road 


ue, 
1, 
U260 





The Subscriber invites 


ffers for the Purchase as a 
Going Concern of the BUSINESS of TIN. 
SMITHS AND SHBET METAL WORKERS, 
Manufacturers of Kegs and Drums, Plain and 
Decora’ Tin Boxes, &c., and <x) Printers on 
Metal, at present being carried on 1 red of 
AND ‘ComPaNy, Limived (in au ) at 
61, Well Road, G w, including whole 
| Bunldin , Blectric Lift, Machinery and Plant, 
Tools, Dies, Stock, &c. 

The Buildings, which have recently been erected, 
are of the most up-to-date design and cover an area 
of 2,830 square yards or ket A 

The feu- -duty is nominal ing £31 5s. 4d. per 
annum 

The machinery is of the. latest automatic 

ucing t pe manufactured ty, the Adams 
ure Too aper. » while the Printing Plant 
tet he t est, Makers. 

The Motor tever ie by electric current obtained 
from the Glasgow Corporation, and there is a full 
range of Gas Stoves for Printed Tins 

e premises are centrally situated and are 
ere is at 


ool « large 
reat eyes 3 business in Kegs — 
Drums wh 


improved u 
hile an Sted fs bas i} 
= pel portant P usiness in Scotlane 


ers to view the Works can be obtained from 

esars. WRIGHT, JOBNSTONE aND 

150, St. Vincent Street, 

ee in. writing, are to be 
ve Noon, on W 


ecinesday, 
| a Teas ith oy the. ee ee. = 


’ 3. ALLISON, Jone, 6 ° 
“Eee eS Steen 


o_ 





- ’ 


at the cost of the Tenderer, 





oie 





THE GREAT INDIAN PENINSULA RAILWAY 
er COMPARE. 


'L 
‘for the Supply) of |B 


. the following STORES, Feeler Spe 


lings 30s, - 
peci s of Tender may be 
obtained at‘this office on. payment of the fee for 
the. 8 fon, which payment vill not be 
returned. 


The fee should accom a cation by 
post. + Socume and Posta rom fing 4 M sofa be be crossed 


and e payable to the Great Indian Peninsula 
Railway Company. 

Tenders must be delivered in separate Argpns me 
sealed and addressed to the undersigned 
“Tender for Screw Couplings,” not later than 
aes o'clock a.m , on Wednesday, the 7th June, 


The Directors do not bind themselves to accept 
the lowest or any —— 
. H. WALPOLE, 
Secre' 


on, Gonthall Avenue, London, B.C. 2. 
24th May, 1922. 
OLDHAM CORPORATION hs be eam i 
DEPARTMENT 


PLANT FOR FOR SALE. 
The Corporation of Oldham | are prepared to receive 


(fers for the following Plant, 


b may be en 5 at the Generating 
Station, Greenhill, O os 
Q) One 25,000 Ibs. =: water per hour Babcock and 
Wileox Land Type Water-tubs Boiler, 
complete with Babcock & Wilcox Chain 
Grate Stoker; Green’s Economiser; Mus- 
grave Induced Draught Plant. 
(2) One 1200 Kw. Mixed-pressure Brush D.C. 
Turbo-Tandem Geuerator; Mirlees Watson 
High Barometric Jet Condensing Plant. 
Further particulars of the above Plant may be 
obtained from the Becenal Electrical =. 
«FR Oepen, Greenbiil Electricity ffices, 
dbam’. 





J. 4. =. 


‘own Clerk. 
Town Ball, Oldham. 
19th May, 1922. U 286 


STATE ELECTRICITY COMMISSION OF 
VIOTC RIA. 





TENDERS FOR PLANT. 


aaa Toc are Hereby 
Invited for the SUPPLY, DELIVERY, 


ete., of the following for the Morwell 
Power Seheme :— 
Copies of Lagu! a -_- i Specification will be 
available u ae 
AG GENT NERAL FOR VICTORIA, 
Melbourne Place, 


J 
London, W.C. 2. 
SPECIFICATION No. 
ALUMINIUM ST BL CORED CABLE AND 
ACCESSURIKS. 
CHARGE :— 


£2 2s. for the first twoc —_ of Tender Form, 
Conditions of Contract and Specifiation complete. 
These charges will be returned on receipt of a bona 
fide tender, A thi:d copy and ~— Apes copies 
will be supplied for the sum of 10s. each 
PRELIMINARY DEPOSIT 

A Preliminary Deposit o of £100 is to be loiged with 
Tender. 

The Specification may be inspected at the above. 
mentioned office. 

The Commission doés not bind itself to accept the 
lowest or any tender. 

Tenders may be sent by cable to the Commission 
te reach them by Noon, 17th June, 1922. Cable 
address: ‘ Electrocom, Melbourne.” Cc onfirmatory 
tenders on prescribed forms may be despatched by 
the mail following to the undernoted :— 

*“LIDDELOW, Secretary, 
STATE ELECTRICITY COMMISSION OF VicToRIA, 
673, Bourke Street, 
MELBUURNE, 
Victoria, Australia. U 207 


STATE ELECTRICITY COMMISSION OF 
VICTORIA, 





TENDERS FOR PLANT. 


enders are Hereby 
Invited for the SUPPLY, DELIVER 
Etc., of the following for the Morwell 
Power Scheme :— 
Copies of Tender’ Forms une Specifications will 
be available ec ak lication 
AGENT G RAL POR VICTORIA, 
Melbourne Place, 
Strand, 


London, W.C, 2. 
SPECIFICATION No. 
Item ive S SURFACE - FEED’ WATER 
BATERS.— Two of cng sq. ft. surface; 
eee 1450 sq. ft, surf 

Item 2. — SIX SURFACE VAPOUR CON- 

DENSERS, each 105 sq, ft. surface, 
SPrciFicaTion No. 227 :— 

Item 1. TWELVE FEED WATER BVAPORA- 
TORS, preferably of the marine 2 Same supplied 
with steam at 40 Ibs. _ to operate 
in groups and multiple eé ay four effects 

ucing 12,500 lbs. per hour. 
n each instance) :— 
or the first two: <n of Tender. Form, 
tract, Specification and ee 
be return 


charges will ed 
of a tena fle ho capptiea A third copy and 
ig yee a seen ee for the sum 


PRELIMINARY D2 
A ‘Prelianary Deposit o of £50 fa to be lodged with 


Tender in each case, 
The may. be inspected at the above- 
mentioned 
eo Commninton does not bind itself to accept 
ss lowest or any bot ar 
‘enders on — forms, properly endorsed 
must be delivered to then undersigned 
in Melbourne not later than Five p.m. on 
Ist Segtember,. ee, Se cei : 
Srarr Burcrricirr Commiasiow or Wierda, 
be Bourk: Street, 


CHarer 
a £2 2. 


Atti. 





tive —) ¢ 


 “Vietoria, Australia, iste 








MANUFACTURERS. 


entlerd Invited for Complete 
MANUFACTURE of high class new ern 
RAULIC V EHICLE JACK, in Gun- 
andSteel, work ¢omprising simple machinin 
and small amountof serew-cutting (nogear cutting)” 
Jacks tape supplied ‘at irregular and frequent 
intervats'in eithersmal! or large batehes, strictly to 
suit — 
The advertiser does not bind himself toaccept the 
lowest or any Tender. Drawin — fully detailea 
very, comprehensive specifica sent upom 
application accompanied b Tender Fee of £1 1s, 
ee returnabie)-to Mr. GKORGS HARLEY, 
ae and General Rngineer, Grand Avenue, 
Camberley. U 322 


TO HEATING ENGINEERS, SL BOTEICAL 
ENGINEERS AND OTHERS. 


THE METROPOLITAN . ASYLUMS BOARD 
invite separate 
[lenders from Thoroughly 
reliable firms who have executed etd 
individual contracts of a substantial yalve for ;— 
(4) are INSTALLATION of FORCED CiRCU- 
LATION HBATING and HOT WATER 
SUPPLY nr 8, DOMESTIC COLD 
WATER SUPPLY and FiRE HYDRANT 
SERVICE, GAS SUPPLY 
(B) The INSTALLATION 
LIGHTING and POWER, pe 
FIRE ALARMS and DOMESTIC BELL: 
at the Tooting Bec Mental Hospital yt al 
Tooting Bec Rd., Tooting, S.W. 17, each in accordance 
with: cower ‘and. rae prepared by Mr. 
T. CuoPEeR, M.Inst.C. ech.E., Engineer-in- 
Chief. The biewines, “boecigcsaner and Forms of 
Terider may be inspected at the Office of the Board, 
Embankment, £.C.4, on and after Ten a.m. on 
Saturday, May 27th, 1922, and can then be ee 
apea + of a Deposit of £3 3s. 0/. in res 
each work, The amount of the deposit will be 
returned only after the receipt of a dcna fide Tender 
sent in accordance with the instructions’ on the 
Form of Ténder‘and after the Specification and the 
Drawings haye been returned. 

Tenders, addressed as noted on the Form, must 
be delivered at the Office’of the Board not later than 
2.30 p.m , on B ibrar June 2ist, 1922, 

(By Order) G. A. POWBLL, 
Deputy Clerk to the Board. U 319 


ee 
APPOINTMENTS OPEN. 
BIRKENHEAD EDUCATION COMMITTER. 


HOLT TECHNICAL SCHOOL. 


equired, in September Next, 
a FULL-TIME LECTURER in Electricat 
Science, including Elementary Engineering Science 
Commencing Salary, 2300 per annum. 
A list of duties will be torwarded on application 
to the undersigned, te whom applications, aecom- 
— by not more than three testimonials 
ogether Fith the names of three gentlemen who 
ma “7 referred to as to the applicant’s teaching 
cations, etc.), must be gent riot later than the 
oth June, 1922. 
Canvassing will be considered a d 
ROBERT T. 


JON 
Town Hall, Birkenhead, 
15th May, 1922, 


UNIVERSITY OF BIRMINGHAM. 
FACULTY OF SCIENCE. 


ASSISTANT LECTURER Al AND ee enemason, 
N METALLURGY 


GRADE | il. 
The Council invites 


A Peer cosoe for the above 


PuSsT kone raced oy £300 per annum. 
pplications, accompanied by three testimonials, 
aoe 'd be sent to the undersigned not later than the 
i4th cf June. No special form of application is 
required. Research graduate, with works expe- 
rience in steel, preferred. 
inet Candidate elected will be required to enter 
his duties on the ist of September. 
oFthe conditions of appoint ment for Grade III and 
for promotion to Grade II on the University Staff 
may be obtained from : 
GEO. H. MORLEY, U 265 
Secretary. 








ualifieation. 
; Secretary. 


U 274 





A2 Important Old-established 


Indian Company of Engineers and Mer- 
chants, having Worke in India, and Offices and 
owns in most of the prinetyal centres in India, 
INVITE APPLICATIONS for the POSITION of 

ACTING MANAGING DIRECTOR. 

The appointment can begiven only toan energetic 
man having a thorough kuowledge of India and 
the business eee vailing there, and 
rapa giving part ars of cuperience in a 
leading position in India — invited. 

App ts should give full information as to 
ec ness training and career, e, and salary 
uired.- Address, U 322, Offices of ENGIN EERING 
SHANGHAI MUNIOIPAL COUNCIL. 
PUBLIC WuRES. D DEPARTMENT. 
CLERK -OF ¥ ‘OF works. 


[three Full y-qualified Clerks 


OF WORKS are REQUIRED in the Public 
Works Department. Candidates. must be about 
30 years of age, unmarried, and must be thoroughly 
competent to supervise the construction of new 
buildings, Salary: Taels 285 per month without 
allowances, under # Three Years’ Agreement, with 





of . Second Class passage from, home, half pa oo 


e, and free medical attendanee. There 
tare! nt Superannuation Fund. 
The value of. the Tael at the ent rate of 
pe ga is — 3s 4d., but It is liable to fluctua- 
Freie ies per mensem at exchange 3s. 4d. 
are equivalent to annum. 
sreequlaie of the sppointesrnts may be obtained 
of the Council’s Agents, and applications, bre} 
full information as to experience, &c. cu Sod ennesse 
mikey” eboula be fore ‘te on wes 
earliest possible moment to 
JOHN POOK & CO., 
Agents for the a of Shangha!, 
Gt ; 68, arch Street 
¢ - London, &.C. 3. 
May, 1922, U 234 
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First Operation: Cuassis ERECTING SHOP. 
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CasE-HARDENING SHOP. 
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THE WORKS OF THE SOCIETE 
ANONYME RENAULT. 


THe Renault works are situated at Billancourt, 
at a short distance south-west from Paris, in the 
direction of Versailles. They were started in 1898 
by Mr. Louis Renault, then 20 years of age, by the 
design and the construction, practically unaided, of 
a light motor car. His shop, containing a few 
simple tools, was in a very small building which is 
now at the main entrance of a vast establishment. 
This first car of his embodied all the characteristic 


























features of his present day pattern; it had no chain- 
drive, but was fitted with a rigid back axle, having 
shaft and bevel gear transmission, direct-drive gear 
box and the inverted cone clutch still in use. The 
engine was air-cooled. Such was the commence- 
ment of an establishment unique in its kind, which 
was developed year by year and now occupies a 
site of about 640,000 sq. yds., of which area about 
three-quarters are covered by shops and buildings. 
An idea of the successive developments of the works 
is afforded by the three annexed plans, Figs. 1 to 3, 
showing Mr. Renault’s small factory in 1898 and 
the works in 1914 and at the present day. In the 
plan Fig. 3 all the buildings comprised within the 
dotted line cover the power station, foundries, 
forging and stamping shops, &c., which supply all 
the material which is machined and erected in 
the buildings located outside the same dotted line. 
The works are on the right bank of the Seine. 
To the north they are in direct communication with 
the Ceinture Railway and the Sévres Railway 
Station, which are available both for the arrival 
of all raw material and coke and for the delivery 
of cars, lorries and various classes of machinery 
which, béSides cars, lorries, &c., are manufac- 
tured for outside establishments. Being con- 
nected to the Ceinture Railway, the works are in 





direct communication by rail with every railway 
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system of France. We may here mention that, as 
a rule, the coal; coke, sand, pig iron and heavy iron 
and steel material are received by barge via the 
Seine. At the north end—the railway end—of the 
works are coke, scrap, timber, oil, acid and other 
stores. The works manufacture not only their own 
iron and steel castings for their own motor car, 
Diesel and other engines, and for their own special 
machine tools which latter they also build, but 
supply also a large number of such castings to 
outside buyers. 

The Company has three piers on the Seine, each 








639 
above by means of a travelling chute shown in the 
illustration. ‘An underground conveyor underneath 
the ash pit delivers the ashes into a pit at the 
entrance end of the boiler room and on the outside, 
whence they are removed by an automatic emptying 
grab. ‘It is of interest to know that during the 
war, owing to the lack of coal, all the boiler ashes 
removed as stated above were taken and washed 
in a tank to recover any unburnt portion ; after 
screening, the larger coke residue was mixed with 
fresh coal and returned to the boilers, or used in 
other furnaces, whilst the clinker was utilised for the 
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provided with an electric crane. The pier closest to 
the boiler-house has a 3-ton crane which can unload 
coal from the Seine barges by means of an automatic 
emptying grab, the grab delivering into a hopper 
on the pier. At the bottom of this hopper runs a 
conveyor which delivers the coal underground to 
a series of silos inside the works, where it is stored 
or, as the case may be, delivered by other conveyors 
to the hoppers located above the boilers in the 
boiler room. 

The boiler room, Fig. 4, contains eight series of 
two boilers each, for a total of from 12,000 h.p. to 
15,000 h.p., all fitted with natural draught mechani- 
cal stokers; the grates are water-cooled. The 





mechanical stokers are charged from the hoppers 


TURBINE-Room InN Power SrTaTION. 


making of building bricks. The process is still 
being continued. The engine room, or power 
station, shown in Fig. 5, is adjacent to the 
boiler room and contains four Parsons steam tur- 
bines, two of 1,500 kw., one of 2,400 kw. and one of 
3,000 kw., each direct coupled to three-phase 
alternators generating current at a pressure of 
5,350 volts, which is transformed down to 210 volts, 
both for power and lighting. The works are con- 
nected to the town current supply, for emergency 
purposes. 

The first shop in proximity to the power station 
is set apart for the forging and stamping of motor 
car and lorry component parts, such as crankshafts, 
back axles and so forth. Its capacity is 600 tons 
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per month. Most of the furnaces are coal-fired 


in the usual way, a few, however, being fitted 
for pulverised coal. The shop also contains 
smithies and open fires. It is equipped with 
a large number of small hammers and flexible 
belt drop stamps, the latter weighing from 3 cwt. 
to 7 tons. Every single piece after forging or 
stamping is inspected and passed before it leaves 
the shop for delivery to the machining depart- 
ment. The forge and stamp shop communicates 
with the die-making shops which contain a very 
complete tool equipment. In an adjoining shop 
there are a series of forging presses in which 
small parts, such as. petrol engine valves, for 
example, are pressed from blanks which are pre- 
viously heated in small muffle furnaces fired with 
heavy oil. The hydraulic pressure for operating 
a number of presses which are contained in this 
department, besides the hammers and stamps, is 
arranged for by two electrically-driven pumps con- 
nected with accumulators. We may here remark 
that every other department in which hydraulic 
power is needed is independently equipped with 
the necessary pumping plant. Opposite is a shop 
in which all the stamped machinery parts are 
rough cleaned and heat treated, ready, after inspec- 
tion, either for machining direct or for putting 
into the waiting stores. Hardening is effected in 
water, oil or other media, sccording to the piece. 

We may next refer to che aluminium foundry 
which has a capacity of 190 tons per month, and 
in which the aluminium parts of motor car and 
aeroplane engines, according to their nature, are 
cast in sand or in chill moulds. The shop has 
several bays for core making, and the moulding 
and casting, stripping and trimming of castings. 
The latter bay is shown in Fig. 8 on Plate XXIX, 
published with the present issue. The aluminium 
is melted in crucibles which are heated either by 
coke fires or in gas-fired furnaces. The same shop 
also deals with all bronze-aluminium work. 

The brass foundry is equipped on a line down the 
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centre with a number of moulding machines. The 
sand is crushed, screened and mixed at one end of 
the shop and is delivered by a conveyor to a number 
of overhead hoppers located above the moulding 
machines, and thence the men take the quantity 
they require. The machines are conveniently 
placed for a number of crucible and Morgan 
furnaces suitably distributed over the shop. The 
stripped castings are trimmed as soon as they have 
cooled down and are then cleaned by sand blast, 
filed, ground or otherwise rough-finished. The 
brass foundry has a capacity of 70 to 80 tons of 





castings per month. 











Bar anp Section Rouiirne Mit. 


There are two iron foundries. One is set apart 
mainly for the manufacture of the smaller motor 
car engine castings, such as the engine cylinder 
sets; the larger pieces of this class are cast in the 
main bay, the smaller ones in a narrower side bay 
of this particular foundry. The cast iron is melted 
in two cupolas producing 5 tons per hour. The 
cores are made on a platform situated above the 
side bay referred to. The main bay is served by 
two 3-ton overhead electric travellers for carrying 
the casting ladles; the smaller moulds are poured 
by hand in the usual way. The sand is prepared 
and is delivered to the work in progress in the same 
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way as obtains in the brass foundry. This shop 
can turn out from 150 to 200 tons of castings per 
month, varying with the class of work. 

Opposite is the bar and tube-rolling and drawing 
shop, in which brass stampings are also made. 
The works roll down to their own dimensions all the 
metal they use. They cast brass ingots from their 
own scrap in a foundry at the side of the rolling 
and stamping shop, then roll down the ingots and 
draw the bars into brass tubes. There are 30 
powerful draw-benches, for steel on one side and for 
brass on the other, each draw-bench being operated 
by its own separate electric motor through toothed- 
wheel gearing. Various sections are also manu- 
factured by drawing from plain bars. A view of 
one of the rolling mills is given in Fig. 7 on 
the opposite page. 

A special pattern shop is set apart for the making 
of permanent patterns in cast iron, brass or alumi- 
nium, starting from a wood or plaster pattern. A 
metallic pattern obtained from the latter is used 
for the moulding of engine cylinder sets, casings, 
&c., and they are accurately machined in the pattern 
shop before they are supplied to the different foun- 
dries. On the floor above this metallic pattern shop 
is the ordinary wood pattern shop. 

The second iron foundry, a view in which is given 
in Fig. 9 on Plate XXIX, serves for the casting 
of heavier machine parts; it is about 200 ft. in 
length and has two bays 65 ft. in width each, and 
each served by 7 ton and 3 ton overhead electric 
travelling cranes. It contains three cupolas, each 
yielding 6 tons per hour, two drying stoves; the 
fettling of the castings is carried out at one end. 

The steelworks are illustrated in Fig. 6 on 
page 640 and Fig. 10 on Plate XXIX. They 
contain two, side-blown, acid Bessemer. converters. 
There are three bays, one for the moulding and 
casting, the fettling, sand-blast cleaning and trim- 
ming of the castings being carried out in the two 
other bays. The shop is served by 3, 5 and 
7-ton overhead electric travelling cranes. Besides 
supplying the company’s own needs, the steelworks 
manufacture a large number of castings for outside 
engineering establishments. The shop abuts on 
the Seine, where a pier owned by the company 
is built for delivering the sand, which arrives by 
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barges, directly into the western end of the shop 
where the sand crushing and mixing plant is located. 
The steelworks have a capacity of 600 tons of 
castings per month. 

Adjoining is the shop for the manufacture of 
malleable iron castings, the capacity of which is 
100 tons per month. The metal is melted in cupolas 
and crucibles according to requirements, and the 
castings are treated in the usual way in gas or coal- 
fired furnaces, close to which all the necessary 
cores are made. 

The spring making department is a fine building, 
opposite the steel works, measuring about 200 ft. 
in length and about 80 ft. in width. In this are 
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made all the laminated and numerous other springs 
for motor car and lorry chassis, for the upholstery 
of the former, and those forming part of the 
mechanism of the engines. It is supplied with the 
necessary steel from an adjoining stores. For the 
laminated springs the leaves are thinned under rolls 
at their ends and are then given the required shape. 
Each flat leaf is then heated, and placed on a die; 
a corresponding upper die fitted to the downward 
travelling plunger of a hydraulic press on being 
lowered bends the leaf, and by continuing its travel 
downwards drives the whole into a water tank 
underneath ; by this means the leaf is bent and 
water-hardened at the same time, and, being held 
in the machine during the hardening, retains its 
correct shape. The leaves when bent are annealed 
and machined. Every spring is tested. The lamin- 
ated springs are tested singly in an Avery hydraulic 
testing machine; in this, the spring is supported 
at both ends, and a hydraulic plunger acts on its 
centre until the curvature is reversed, the spring 
having to revert to its original shape on removing 
the load. 

Near the forging and stamping shop above re- 
ferred to is a building in which the oxygen is pre- 
pared for the oxy-acetylene blowpipes. The 
acetylene is prepared in a building located near the 
railway entrance to the works. The oxygen and 
acetylene are delivered to the different shops, where 
needed, for cutting and welding, by a system of 
overhead piping. Bottles are used in those cases 
in which a small supply only is required. Also 
near the railway entrance is the smithy for the 
making of link chains of all dimensions and shapes. 

The chassis frames are pressed out in a separate 
building measuring about 200 ft. in length and 165 
ft. in width, having three bays, close to a plate 
stores. It is shown in Fig. 24 above. The plates 
enter the shop on the right-hand side, they are 
marked off from templates and are cut in circular 
cutter shearing machines ; they are then heated and 
are slid on a portable roller bench under a 750-ton 
flanging press, illustrated in Fig. 11 on Plate XXIX, 
on leaving which they are trimmed, ground on the 
edges, and delivered to the chassis erecting shop. 
This large press can flange chassis plate frames for 
the heaviest lorries and traction engines. A series 
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of smaller presses than the above serve for the 
making of motor car chassis plate-frames. 

Close by is a building measuring about 290 ft. 
by 200 ft. in which are manufactured the radiators 
and motor car headlights complete. An interior 
view of this. building is given in Fig. 12 on Plate 
XXX. Adjoining this is the chassis assembling 
shop, in which the plate-frames and the transverse 
chassis members are drilled and riveted together to 
form the chassis. The building measures about 
290 ft. in length and 130 ft. in width; from this 
building the chassis are delivered to the erecting 
shop for the fitting of the wheels and springs. 

We have so far concerned ourselves with the 
various shops of Messrs. Renault’s works which are 
situated within the dotted line marked on the plan, 
Fig. 3, and which are in general concerned with 
forging, founding and other preparatory work. 

Turning now to the machine and erecting shops 
we may first refer to the building for the testing 
of motor car and aeroplane engines. It consists 
of a central bay with two side bays. The central 
bay is served by. a 3-ton overhead électric travelling 
crane. In this building the motor car engines are 
tested one by one on test beds under actual service 
conditions. They are then taken to pieces, each 
piece is washed in a hot soda solution contained in 
tanks situated near the end of the central bay 
and is inspected separately. The engines are then 
re-erected and are tested a second time under similar 
conditions ; when the testing proves satisfactory 
in every way they are delivered for fitting into a 
car. The erecting and re-erecting of the motor car 
engines are carried partly out in the central bay, 
but mainly in the side bays. At the back of the 
building, under a shed, are ten test beds in a line, 
for testing aeroplane engines fitted with a dummy 
propeller. The engines are started by an electric 
motor mounted on a small truck which runs on rails 
in front of the test beds, a small friction clutch on 
the motor engages the boss of the dummy propeller, 
and is withdrawn as soon as the engine commences 
running. Before the above speed test of aeroplane 
engines is carried out, each engine undergoes in the 
shop close by a dynamometer brake power test ; 
for this purpose a part of the shop is divided into 
18 dynamometer brake-testing cells in two rows, 
nine on each side. These are used also for the 
power tests of motor car engines. 

Before the engines reach the building last 
referred to, they are assembled in a shop situated 
opposite. Each engine is erected on a small 
truck, each workman dealing with one part only. 
When, for example, the crankshaft has been 
fitted and adjusted in its bearings, the man in 
charge of this part of the engine pushes the small 
truck forward to his colleague, who is entrusted 
with the following operation, and so forth, the engine 
being thus erected piece by piece. Each man has 
on a small bench by his side a number of the com- 
ponent parts, accessories and fittings with which he 
deals, together with the necessary hand tools. On 
the floor above are assembled in the same way the 
lighter pieces of apparatus, such as the carburettors, 
which are delivered by lifts to the ground floor, 
for fitting to the engines by the men who have in 
hand this part of the work. Fitters’ benches are 
at one end of the shop for touching up the engine 
component parts when needed. Each separate piece 
before it is embodied in an engine is inspected to 
ascertain that it has no superficial defect. This 
engine-erecting shop is illustrated in Fig. 13, on 
Plate XXX. 

The castings, stampings and forgings coming from 
the departments we have already dealt with are 
classified in a number of stores distributed among 
the machine shops, whence they are delivered into 
the latter as needed by srrall 10 h.p. motor trucks 
of which there are about 30 in service throughout 
the works, besides 10 lorries carrying 1°5 and 3 
tons. 

In Figs. 14 to 19, on Plates XXX and XXXI, we 
give various views inthe machine shops. The shop 
nearest the car engine assembling-shop contains a 
whole series of lathes, milling. surface grinding and 
other machine tools, electrically driven by overhead 
transmission, for machining the pistons, carburettor 
detail parts, gear shafts, &c. Each machine shop 
has its own tool stores. Each series of engine com- 





ponent parts, as it enters the machine shops, is 
accompanied by a card which gives the necessary 
data for each operation, such as the speed of each 
machine tool, the feed motion, &c., and the re- 
quired limit gauges. The card follows the series 
until final machining and delivery for assembling. 
There are numerous pieces in which as many as 
twenty operations are carried out, and by this 
means every single operation can easily be traced 
back. In the various machine shops each machine 





Fig. 20, on Plate XXXII, is a building 95 ft. in 
length and 40 ft. in width, and contains a series of 
furnaces heated by producer gas for the case- 
hardening of numerous engine parts. Those which 
require to be partly case-hardened only are first 
dealt with in an adjoining room in which they 
are given a copper coating by electrolysis, the copper 
coating being afterwards removed from the part 
to be treated. The case-hardening medium is car- 
bonate of baryte and charcoal. Before treatment, 
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tool carries a white, yellow, red, or otherwise | 
coloured disc, which indicates the class of piece the | 


machine is dealing with at any particular time | 
whether for a 10, a 12, a 40 h.p. or other motor car | 
engine, or an aeroplane engine; by this means | 
the engineers from the designing office can | 


immediately trace any particular engine component | 


part concerning which they require further infor- | 
mation. Views of this shop are given in Figs. 14, | 








TRANSPORTER IN STocK YARD. 


each piece is tested for Brinell hardness at several 
parts of its surface, and similarly tested afterwards. 
In the same shop are small furnaces for the com- 
plete heat treatment of special steel pieces, also 
a small plant for heating and air-hardening high 
speed steel-cutting tools. The case-hardened pieces 
are cleaned by sand blast. 

In close proximity to the sand-blast shop is the 
main jig and tool room. An annexe to this is 


15 and 16, Fig. 14 showing the surface grinding | located at a few hundred yards distance. 


department, and Fig. 15 the milling department. 
Fig. 16 shows a bank of automatics. 
larger milling machines is illustrated in Fig. 25, 
on page 641. 

The case-hardening shop, which is illustrated in 


One of the | and tool room. 


The gear-cutting shop is opposite the main jig 
It has three bays and a first floor 
on which the change-speed gear boxes are assembled. 
The three bays contain a most complete series of 
machine tools for the cutting of all gears, one 
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operator, man or woman, having charge of one, 
two or three, according to the class of machine. 
Underneath this shop are the washstands and 
lockers for the operators’ clothes. (In other shops 
such installations are on the ground level). The 
tool room is at the entrance, the tools are stored in 
racks, and for each series a card gives the cutting 
speed, the feed and feed motion. A shed close by 
contains bins for taking the swarf coming from 
the adjoining shops, and serves as a temporary 
depot for the change-speed gear boxes when as- 
sembled. 

We illustrate in Figs. 21 to 23, on Plate XXXII, 
the shop in which the chassis are erected complete. 
It adjoins the gear-cutting shop, measures about 
170 ft. in length, and has three bays, the central 
one 65 ft. in width and the two side ones 30 ft. 
Each bay is served by an electric overhead travel- 
ling crane. The chassis frames enter at one end 
of the shop where they are mounted on their 
wheels and springs, as shown in Fig. 21. When 
a frame has been so far completed, it is pushed one 
step further, and another craftsman fits it with the 
engine casing ; the chassis progresses up the shop, 
and is finally provided with its machinery complete 
and the engine bonnet as shown in Fig. 23. The 
view given in Fig. 22 shows the assembly of the 
transmission. By the side of each chassis, at each 
stage of its progress in the shop, is a small bench 
which is provided with every tool, accessory 
and fitting required for each stage. After each 
chassis is thus complete it receives one coat of 
paint and is then ready for testing, for the fitting 
of the carriage body and for upholstering. Every 
separate motor car and lorry chassis is tested on 
the road in service conditions, the lorry chassis 
being loaded with their specified load made up of 
pig iron. 

It is interesting to note that in the Renault cars 
both the radiator and the fan are at the back of 
the engine, this being one of their characteristic 
features. The advantage claimed for this arrange- 
ment is that the fan, as is the case with cars of 
every type, sucks in dust and mud particles. but 
with this difference, that in the Renault car it 
draws them through the radiator in which there are 
no mechanical parts, whence they pass underneath 
the chassis at the back of the engine. In the cars 
of other types the solid particles are drawn from the 
front of the car and are driven against the engine 
itself. Moreover, in the Renault car the water- 
cooled radiator is more to the back of the vehicle, 
and the front wheels are less heavily loaded, steering 
being, it is claimed, facilitated thereby. The engine 
bonnet closes down air-tight so as to prevent all 
suction of dust at the front of the car. 

The heavier engine parts for lorries are machined 
in a separate shop having two floors, the larger 
machine tools being on the ground floor. Near this 
is a comparatively new building, built of reinforced 
concrete and brick work, about 500 ft. in length and 
95 ft. in width, having three floors and equipped 
throughout with automatic machine tools for the 
machining, mainly, of all the lorry engine com- 
ponent parts and those entering into the construc- 
tion of aeroplane engines. On the ground floor 
are series of large cutting-off machines one man 
having charge of as many as four machines; the 
lightest automatic tools are on the top floor. 
Three views of these shops showing the automatic 
departments are given in Figs. 17 to 19 on 
Plate XXXI. The tool stores for the whole building 
are in the centre of the shop on the floor level. 
Close by are the bar stores in the open, which are 
illustrated in Fig. 26, on page 642. Fig. 27 on 
the same page shows the travelling transporter in 
the stock-yard. 

The largest self-contained building in the estab- 
lishment is the one called the “ artillery building,” 
which was put down during the war and is built 
throughout of reinforced concrete. Originally it was 
equipped for the construction of guns, among 
which may be mentioned 155 mm. quick-firing 
guns, a large number of which were manufactured 
complete. The building contains one main central 
bay served by a 12-ton electric overhead travel- 
ling crane, on each side of which are arranged 
five transverse bays, each served by either a 
5-ton or a 3-ton electric overhead travelling crane. 
At the present time the building is set apart for 





the machining of heavy castings and forgings, 
such, for example, as locomotive cylinders and loco- 
motive parts for outside firms ; bed plates for engines 
and heavy machine tools built by the company, 
lorry wheels and axles, &c. Each machine is 
separately driven by an electric motor. The larger 
machine tools are under the five lateral bays to the 
left of the main bay and the pieces, as the case 
may be, travel up and down the five bays in 
question, in the various stages of their machining 
until they reach the end of the main central bay, 
where they are examined and passed. A tool store 
is arranged across the end of one of these sets of 
five bays. The lorries are erected complete under 
the second set of five lateral bays. Figs. 28 to 31, 
on page 656, are views in this building, Fig. 28 
showing the central bay and Fig. 29 the heavy 
machine bay. The side bays, devoted to the 
erection of lorries are shown in Figs. 30 and 31. 
The reinforced concrete beams carrying the travel- 
ling crane trolley ways will be seen in all the 
figures. 

All the machine shops, erecting shops, stores, &c., 
throughout the works are heated by steam during the 
winter months, and are lighted by incandescent 
lamps. 

The works occupy a staff of about 1,000 and about 
14,000 operatives. The main offices are in a large 
quadrangular building close to the main entrance, 
opposite to which is the small shop in which 
Mr. Renault started in the year 1898; this is 
seen in the plans Figs. 1 to 3. The office building, 
besides the drawing, estimating, commercial and 
other offices, contains a fully equipped laboratory. 

The motor cars and lorries built by the company 
are well known and need no special reference. Be- 
sides these, they build caterpillar tractors, plough- 
ing machines, stationary petrol, Diesel and semi- 
Diesel engines, the same types of engines for boat 
propulsion, railway motor cars, heavy oil engines 
of medium power for all purposes, &c. For all 
these, as will have been gathered from the above, 
they have an admirable installation most thoroughly 
equipped, which should prove one of the most 
interesting works which are to be visited by the 
members of the Institution of Mechanical Engineers 
in connection with their forthcoming Summer 
Meeting in Paris. 





THE INTERNATIONAL RAILWAY 
CONGRESS AT ROME. 


(Continued from page 612.) 
REINFORCED CONCRETE. 


Mr. W. W. Grierson’s report on the use of con- 
crete and reinforced concrete on railways, con- 
sidered by Section I of the Congress, showed 
that in comparison with many other countries 
this material had not been made use of in Great 
Britain to nearly the same extent as elsewhere. 
This fact he considered due either to want of enter- 
prise, or to doubt as to its ultimate behaviour. 
Mr. Grierson proceeded to consider various uses 
to which reinforced concrete had been put, com- 
mencing with foundations. For this work, on the 
whole, reinforced concrete had proved satisfactory. 
In the form of rafts it had been employed in the 
construction of, for instance, a large electric generat- 
ing station on London clay, the limiting load being 
12 cwt. per square foot. At Immingham, on mud 
and underlying sand, it had been used under an 
engine shed, the limiting pressure being 10 cwt. 
per square foot. At Newton Abbot reinforced 
concrete foundation had been used for goods shed 
walls, the limit of load being 10 cwt. In one case 
where a raft was used over peat to carry a railway 
bridge, settlement and fracture had occurred, but 
this should be attributed to an under estimate of the 
weakness of the ground and not to failure of the 
raft. With the knowledge now possessed probably 
pile foundation would have been used. With regard 
to piling, the piles used were commonly rectangular 
with the rods far enough embedded to give the 
required cover. The shoe used was similar to 
that fitted to a timber pile, but with the strap ends 
bent and embedded in the concrete. In driving, a 
steel helmet and cushion were used to take the 
blow of the monkey. Piles ought to mature three 





months before being used. They had given excellent 
results in good ground, and when buried, little or 
no deterioration of the reinforcement need be feared. 
They would carry a greater load than timber 
piles, and provided a permanent and practically 
indestructible foundation, capable in the tropics 
of resisting the attacks of insects, Piles projecting 
above ground, however, were in a different category. 
For use in quays and wharfs, bending stresses and 
liability to abrasion had to be considered. In 
the case of a wharf at Plymouth put up in 1911, the 
piles, walings, diagonal bracings and decking were 
still sound, but longitudinal beams showed signs 
of failure. It appeared possible to attribute this 
only to the salt atmosphere. In a quay at Harwich 
erected in 1908 the piles and framing were sound, 
with the exception of the front longitudinal beams. 
This could also only be attributed to the salt. 

Continuous piling was sometimes used with good 
results. In one case piles 24 in. by 10 in. were 
used, driven into Thames gravel. The number 
of blows required varied from 3,000 to 6,000, the fall 
being 6 ft. and a 2-ton tup being used. Under 
this six piles failed entirely and 15 per cent. of the 
remainder showed hair cracks. This was about 
the limiting punishment piles could stand. The 
result of recorded observations on totally sub- 
merged reinforced concrete of sound composition 
and manufacture indicated that the material was 
not so sensitive in that state as when alternately 
submerged and exposed. Defects generally occurred 
at about high-water mark and some feet above. 
The reason why parts above high-water were affected 
might be due to exposure for a long period to highly 
aerated salt spray driven by the wind, but many 
cases of deterioration were reported of parts not 
exposed to spray action. Conditions appeared to 
be better in fresh water. Salt water contained 
sulphate of magnesia, and that combined with 
constituents present to form a salt which tended 
to rupture the concrete. The best safeguard was 
to make the concrete non-porous, which could be 
done by using a concrete rich in cement, a non- 
porous, properly-graded aggregate, sand sufficient 
to fill the voids, and water enough to secure perfect 
hydration. Waterproofing materials tended to 
reduce the strength of concrete. 

On the subject of bridges Mr. Grierson stated 
that there were only nine cases of standard gauge 
underbridges built in Great Britain, five others 
being reported by the South Australian Railways. 
He thought uncertainty was felt as to the behaviour 
under the passage of heavy trains. On the Barry 
Railway one had been used under goods and mineral 
traffic. It was said to be satisfactory and to have 
entailed no cost in upkeep. It was adopted on 
account of an anticipated saving in cost of 30 per 
cent. On the Great Northern a bridge had been in 
use for axle loads of 22 tons and speeds of all classes 
of traffic to 37 m.p.h. It was erected in 1916, 
when steel was difficult to secure. A slight saving 
in cost was also anticipated. It had required no 
expenditure since. The Great Western had a bridge 
over which all classes of traffic passed without any 
restriction. The determining inducement in this 
case was the weakness of the subsoil. The reinforced 
concrete structure promised to be lighter than either 
brickwork or masonry, while its monolithic character 
was an additional advantage. It had cost nothing 
for maintenance and generally was in good condition. 
The traffic was small. Many of the objections to 
underbridges did not apply to overbridges to the 
same extent. About 29 of these latter had been 
constructed in this country, four in India and 
Overseas. They varied up to 76 ft. span and 60 ft. 
road width. On the London and North-Western 
reinforced concrete arch road over bridges worked 
out about 10 per cent. less than steel girders and 
jack arches. The Great Central had three bridges, 
of which a typical one cost 30 per cent. less than the 
estimate for steelwork. In a Great Western case 
the estimate for a masonry structure was 9201., 
for a steel structure was 1,9501., and for reinforced 
concrete 1,354/. The reinforced concrete design 
was adopted on account of the unsatisfactory 
nature of the strata. Although definite conclusions 
were impossible there appeared to be a saving in 
first cost as compared with steel structures. Masonry 
and brickwork gave a better life, and probably cost 
less for maintenance. Only 14 out of 28 British 
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railways had used reinforced concrete bridges, 
and 5 out of 12 overseas lines. 

In the matter of footbridges, timbering and 
shuttering formed so expensive a section of the 
work, that when the scantlings were light, as in this 
case, the charge for this was relatively great, and 
offset other possible savings. For this reason foot- 
bridges had been built up of pre-cast arched segments 
quickly placed in position by a crane, without 
scaffolding, but the cost had been disappointing. 
Footbridges of this material could not compare 
with steelwork. Retaining walls of reinforced 
concrete had often been adopted to meet special 
conditions where space would not admit of gravity 
section masonry walls, The use of anchorages and 
counterparts with reinforced concrete allowed the 
structure in that case to be much lighter. In 
buildings the material had only been used to a 
limited extent, the first goods warehouse having 
been put up by the Great Western in 1899. In 
many of these cases no allowance had been made 
for expansion, with different results. In some 
instances no harm had arisen, in others serious 
cracks had appeared. In some of the latter cases, 
cracks had developed in roofs with the result that 
moisture was admitted. The experiment had 
been tried of allowing for expansion by introduc- 
ing at intervals twin beams with } in. spacing 
between, the exterior being covered with a 
bitumen capping. Trouble in this case, however, 
arose due to the movement on the head of the 
columns. This perhaps could be overcome by 
adopting twin instead of single columns. In 
another instance the roof slabs and beams were 
monolithic, but a slot was carried down to the beam 
between the slabs. ‘That, however, was of doubtful 
value. A large grain store had been constructed 
at Immingham and had given satisfaction. Esti- 
mates had shown a considerable saving in favour 
of reinforced concrete. Nothing had been required 
in the way of maintenance. This form of construc- 
tion often offered advantages in giving free un- 
interrupted areas in sheds, &c. 

A good many attempts had been made to employ 
reinforced concrete for sleepers, especially since 
Baltic woods became scarce. The results had not 
been encouraging though some types had been 
found serviceable in yards. Seven railways report- 
ing stated definitely that they had proved un- 
satisfactory. The report gives drawings of various 
types, most of which have failed. The amount of 
service given had naturally varied with the design 
and type of traffic. Some had crushed under the 
chairs; others had broken between the rails, 
suggesting that as much space as possible in that 
part should be left unpacked. A form of reinforced 
concrete pot sleeper had given better service than 
some other types. Damage was liable to occur in 
packing those patterns which approach the wood 
sleeper in bearing area. The weight of concrete 
sleepers was very great compared with wood, and 
they were difficult to handle. Their immunity 
from attack by white ants might be a recommen- 
dation in some countries. 

Among other uses to which reinforced concrete 
had been put was that of fencing posts. In this 
case the wires need not be threaded but secured by 
a bent wire eye passing through a hole in the post 
and having its extremities bent back on the far 
side. Telegraph and signal posts had been tried ; 
the former were heavy and awkward to handle. The 
latter had been reported favourably upon by some 
lines which had adopted them as standard even for 
bracket posts. 

In general, reinforced concrete might offer 
economy of material and .ts monolithic character 
might present advantages. Its relative cost de- 
pended upon the facility with which the aggregates 
could be obtained in a locality, when compared with 
brick, steel, &c. There was no doubt that it did 
offer advantages in respect of first cost for some 
work. If good, subsequent maintenance was small. 
As so long had to elapse before new concrete could 
carry loads there was little prospect of underbridges 
being constructed of this material. Good workman- 
ship was further vital to its success. Brickwork 
or masonry was, he thought, to be preferred if 
first costs were not greatly different. At equal 
first costs steelwork was to be preferred except 


where exposed to abnormal corrosion. The use of 
re-inforced concrete at the present time was inadvis- 
able for underbridges carrying fast and heavy traffic. 

The report for Scandinavian countries on the use 
of concrete and reinforced concrete, was prepared 
by M. P. M. Biilow, of the Danish State Railways. 
It was a lengthy document, and opened with 
reference to the conclusions on the subject arrived 
at at the Washington Congress of 1905. These 
conclusions were favourable, and had subsequently 
proved justified. Reinforced concrete had succeeded 
everywhere, and was a material no engineer could 
ignore. It presented advantages in respect of cost ; 
in Denmark there had been as much as 50 per cent. 
difference between it and steelwork in estimates for 
work. This difference was reduced in small struc- 
tures requiring heavy shuttering. It had advan- 
tages as regards low cost of maintenance, protec- 
tion against damage by fire, its massive construc- 
tion and monolithic character and adaptability 
to architectural treatment. On the other hand the 
material required extreme care, both with regard 
to design and the carrying out of the work, involving 
skilled supervision and careful workmanship of a 
degree not necessary with any other material. 
Whereas it was easy to secure uniformity of material 
in steel structures this was hardly ever possible with 
the aggregate for concrete. The cement also varied 
in quality. It was difficult to ensure uniformity of 
mixing, and if excessive water were used the 
adhesion between the concrete and iron greatly 
diminished. Too much should not be made of 
economising in the way of reinforcement, while 
care must be given on the site to proper overlap 
and anchoring of the bars, &c. In a country such 
as Denmark, where all bars had to be imported, the 
difficulty of getting supplies often make this method 
of construction no more expeditious than steelwork. 

Concrete, and reinforced concrete if the ground 
were bad, was often used for foundations and for 
continuous inverts for locomotive pits, culverts, 
subways, &c. Rafts had been employed for small 
masonry houses. The method was quicker than 
piling, but the latter was necessary if bad ground 
extended to a considerable depth. Piles were not 
driven till four to six weeks old. They had the 
advantage that if not long enough they could be 
lengthened without difficulty, when 28 days had to 
be left for setting. Reinforced concrete had been 
used for culverts, aqueducts, bridges, &c. On the 
Danish railways road overbridges were always built 
of reinforced concrete. Since 1910 some 70 such 
bridges had been built on these railways. One of 
the oldest bridges was at Copenhagen, and consisted 
of 12 spans. The bridge was fixed to a heavy central 
pier and the other piers, and the abutments were 
provided with bed plates on which the girders slide. 
A similar type of construction had been adopted 
in other cases to allow for expansion. The Danish 
railways had about 60 small span arched bridges, 
and the Swedish State about 15, though in Norway 
few had been constructed. Light arch footbridges 
had also been built. A number of small span girder 
underbridges had also been constructed, as well as 
some 60 arch bridges on the Danish railways, of 
moderate and small spans, and other 12 of spans up 
to 72 ft. The Swedish State had a number of arch 
railway bridges, the most important having a span 
of 297 ft. and height of 95 ft. from springing to top 
of arch. 

In some cases these arches had been built 
as three-hinged structures, the hinges introduced 
sometimes being only temporary and filled in later 
with concrete, but sometimes being permanent. 
In Norway no underbridges had been constructed 
of reinforced concrete. Tunnels had been constructed 
of this material in all three countries. This type of 
construction was in general use for buildings for 
floors, columns, roofs, &c. It was not used to the 
same extent for walls. It enabled large clear floor 
spaces to be obtained. Station platform roofs were 
seldom built of it; but it had been largely used for 
watertanks and columns. Tanks were often coated 
inside with a preparation, but impermeability was 
best secured by means of a rich concrete. No 
trials of reinforced concrete sleepers had given any 
satisfaction, nor had this construction been used for 
telegraph poles or signals. For retaining walls it 





had advantages, but its use was not recommended 





without counterforts or buttresses. It had further 
been used for lining ditches, revetting embankments, 
for platform walls and inspection pits, also for 
railing posts, chimneys, &c. 

In certain cases it had been used with advantage 
in the repair or strengthening of old steel structures. 
In the case of the Velanda bridge near Trollhattan, 
Sweden, a steel lattice bridge required strengthening. 
The bridge of three main spans was supported on 
steel lattice towers. In the strengthening work 
the bases of the towers were filled in with concrete, 
and a reinforced concrete arch was carried up to- 
wards the main girders. The girders were encased 
in concrete and small columns carried between 
them and the arches. The side spans were given 
additional support by means of reinforced concrete 
bents. The track was raised during this work and 
carried on scaffolding. The result had been satis- 
factory. In other reconstruction work the material 
had been advantageously introduced. 

It was essential to pay due regard to the question 
of impermeability of the concrete, and a relatively 
rich mixture was advisable. That, however, 
resulted in greater contraction. The use of round 
steel bar was general practice. Close inspection and 
regular testing of the cement were most important. 
The expense of shuttering could be reduced if the 
wood forms could be re-used. That tended to 
lengthening the time required for the work. The 
reason for most of the failures was to be sought in 
the designs or in the work at the site. Contraction 
in setting and expansion due to heat had to be allowed 
for. If care was taken it was possible in most 
cases to avoid cracks. There was a danger in 
putting such work up to tender, and it was best 
for the railways to design and to buy the materials. 
Locomotive smoke had no effect on the material, 
though it was not advisable to expose fresh concrete 
to it on account of danger from sulphuric acid. 
In Germany, tests had been made on the danger of 
fissures by exposing the concrete to acid vapours. 
The effect was to show that the results were un- 
important when the cracks were so small that the 
circulation of air in them was small. It was possible 
lower tensile stresses for the steel might be advis- 
able. If rich concrete were used } in. to 1% in. 
cover was all that was necessary for work in sea 
water. Porosity was always to be avoided. Main- 
tenance costs with good work were very low and the 
material had established itself for all classes of 
railway structures. 

This subject was dealt with, as regards America, 
in two reports, one by the late Mr. C. H. Cartlidge, 
of the Chicago, Burlington and Quincy Railway, 
and the other by Mr. G. A. Haggander, also of that 
company. Mr. Cartlidge’s report took the subject 
as far as 1914. Mr. Haggander’s was supple- 
mentary and dealt with progress since that date. 
It is, for this reason, not necessary to deal at any 
length with Mr. Cartlidge’s report—in itself an 
excellent review of the many applications to which 
this material has been put, and we shall touch only 
upon a few of the main points brought out. All 
companies replying to the 1914 questionaire agreed 
with one exception that reinforced concrete was 
satisfactory for many railroad purposes; the one 
exception expressed views neither for nor against. 
The practically universal confidence in the material 
was striking. No damage had been experienced 
from repeated stress. Striking comparative dia- 
grams were given in this report of retaining walls of 
masonry and reinforced concrete. The combination 
of concrete with granite facing was not desirable. 
The material was largely used for culverts of various 
sizes and forms, bridges, &c. The most important 
railway viaducts had arch spans up to nearly 200 
ft., but the use of such large spans was confined to 
favourable situations. For smaller spans of 15 ft. 
to 40 ft. flat slab reinforced concrete structures 
were adopted. An economical form had concrete 
pile trestles, the heads of the piles being finished 
in a cap on which the ends of the longitudinal 
girders rested. These bridges could be erected very 
quickly. The cement gun was often used to give 
@ protective coating to steelwork. : 

As the behaviour of this material under vibration 
has often been questioned, particular note should 
be taken of Mr. Cartlidge’s report on reinforced 
concrete track beds in the form of troughs about 
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15 ft. 6 in. wide and carried direct by steel girder 
spans. The troughs are filled with ballast and the 
track laid in this. Such tracks have been in use 
for over eleven years under heavy and fast traffic 
without any ill effect. The upper surface of the 
concrete was generally waterproofed in such cases. 
The use of concrete piling had been limited to some 
extent by the excellent supply of timber. If the 
latter grew more scarce more concrete piling would 
be done. For piers concrete work had the great 
advantage of being fireproof. It was in use for all 
types of buildings, locomotive sheds, pits, station 
buildings, water tanks, silos, coaling and sand 
plants, and for dead ends (or bumping posts). 
Reinforced concrete sleepers were not at present 
commercially successful, but it was thought they 
could be designed to give economical service. 

Mr. Haggander’s report showed among other 
directions since 1914 a considerable expansion in 
the use of reinforced concrete piling, water tanks, 
posts and signs, &c. More information had been 
acquired as to maintenance, from which it appeared 
that the general impression was among those having 
data that maintenance was equal, or less than that 
for masonry work. A positive bond was preferred 
for bars which were usually deformed. The plain or 
twisted bar was less often used. In addition to the 
use for new purposes and by new railroads, there 
had been a greater extension of the use made of 
reinforced concrete by the railroads previously 
reporting. The use of concrete sleepers had scarcely 
extended at all lately owing to their high cost. 
On the other hand concrete track support was more 
extensively used and had been adopted for tunnel 
and other work. While in 1914 only 38 reinforced 
concrete coaling stations were reported, by 1920 
the number had increased to 161. The advantages 
included low initial cost and freedom from fire. 
Some of these plants accommodated 2,000 tons of 
coal and nearly the same quantity of sand. Ash 
handling plants had also been constructed. For 
locomotive sheds regular reinforced concrete had 
often been used, as well as structural steel work 
encased with concrete, with curtain walls of concrete 
plastered on metal lath. 

Tunnels were now often lined with concrete by a 
Pneumatic process of mixing and placing. One 
tunnel on the Carolina, Clinchfield and Ohio Rail- 
road thus treated was 7,804 ft. long and required 
between 50,000 and 60,000 cubic yards of concrete. 
The work was done without interrupting traffic, 
by blowing batches of concrete through a pipe 
from a central supply to the place in the forms. 
The materials were discharged into a chamber, 
water added, and the whole batch entered the pipe 
where mixing took place. In some cases travelling 
compressor plants, bins, &c., were used for this 
work, sometimes being self-propelled. Pre-cast 
reinforced concrete units had been largely adopted. 
The Union Pacific had constructed in 1917 7,780 ft. 
of snow sheds in this way. Reinforced concrete 
was largely used for bridges, and had been adopted 
for a number of high two- and three-track viaducts. 
A notable one on the Canadian Pacific Railway 
at Toronto had a height of 100 ft. and consisted of 
five towers of 35 ft. span and six intermediate 36 ft. 
spans. The towers consisted of two bents or 
columns tied together by horizontal members. 
The girders were pre-cast I-beams, and the 
heaviest pre-cast unit used weighed about 51 tons. 
A good deal of use had been made of interlocking 
reinforced concrete cribbing for retaining walls. 
For station roofing the material was finding favour 
owing to the small cost for maintenance. Many 
railroads now had central manufacturing yards for 
pre-cast work in regular operation. The cement 
and aggregate were handled by conveyors and 
chutes, mixing was done by machine, movable 
curing sheds 100 ft. long were provided, and every 
care taken to ensure good supervision and first-class 
workmanship. Concrete was now mixed as dry 
as possible instead of very wet as formerly common 
in America. The remarkable increase in strength 
of concrete with age was all in its favour. Every 
care was taken to keep it moist while setting either 
by flooding or with wet steam. Generally the larger 
experience obtained since Mr. Cartlidge’s report 
had been, according to Mr. Haggander, of a 
thoroughly satisfactory nature. 








M. C. Leemans dealt with Holland and the Dutch 
Colonies in three reports. The first report by 
M. Leemans had been prepared in readiness for the 
1915 conference. Two later supplements brought 
the subject to date, one of these dealing with post- 
war construction in Holland, and the other with 
work since 1914 in Java and Sumatra. The first 
report was one of the most lengthy presented to the 
conference, and was copiously illustrated by draw- 
ings and photographs of many interesting examples 
of work. These included a large number of in- 
stances in which reinforced concrete caissons had 
been employed for swing bridges and other classes 
of work, also foundations embodying reinforced con- 
crete pile-work, bridge abutments, turntable pits, 
culverts, viaducts, &c. The material had been 
adopted in many cases for railway underbridges 
and viaducts, with straight girders for the shorter 
spans and arched construction for longer spans. 
In Rotterdam it has been used for an arched viaduct 
of 63 spans ranging from 25 ft. 9 in. to 27 ft. The 
viaduct carried two tracks laid on gravel. The 
ground was very bad, consisting of peat and clay. 
The structure is said to be in perfect condition. 
Another single arch bridge of about 60 ft. span at 
Arnheim had a thickness at the crown of 1 ft. 
9} in. and appeared to be of very light design. In 
other instances girder work has been cased inconcrete 
with satisfactory results. Reinforced concrete did 
not appear to be economical for footbridges owing 
to its weight. Some pleasing arch road bridges 
had been constructed with spans up to 98 ft. It 
had been used for station buildings, island platform 
roofs, reinforced chimneys, light retaining walls, 
engine pits, and soon. In summarising the subject 
in his first report, M. Leemans said that when 
repairs became necessary with reinforced concrete 
they were difficult to carry out. Experience with 
steel partly encased in concrete had been satis- 
factory. Round bars were used for reinforcing. 
Some tests made in connection with smoke from 
locomotives showed that rich cement was not 
affected by this in any way. Reinforced concrete 
gave good protection against fire; it had not been 
found that good concrete became detached from 
the reinforcement under vibration. The strictest 
supervision was necessary during construction. 

The short supplementary report for Holland dealt 
with works only, and offered no further comments 
on the material. The second supplementary report, 
however, described several interesting works and 
passed certain comments upon them. One of the 
most interesting structures was a high railway via- 
duct of 23 spans of 29 ft. 6 in. of straight girders 
on pile bents. An expansion joint was provided in the 
middle. This viaduct was built of reinforced con- 
crete owing to difficulty in obtaining steel. In 
another case a three-hinged arch of 125 ft. span had 
been used, the hinges having been concreted in after 
a lapse of seven months. Several other interesting 
examples of railway bridge work might be cited 
as having been built lately in Java and Sumatra. 
In connection with the first example, the super- 
structure of the viaduct was of the form of a trough 
in which ballast was laid, with the track laid thereon. 
It was found that shrinkage had taken place in the 
bottom more rapidly than in the sides, and cracks 
had developed exposing the reinforcement. The 
chief engineer for Java reported that reinforced 
concrete bridges did not appear to suffer from vibra- 
tion more than steel structures and that, well- 
designed and constructed, such a bridge was as 
strong as a steel one. They permitted the use of 
ballast, and higher train speeds than with steel. 
Against these points, so far as upkeep was con- 
cerned, it seemed likely that in some cases at least 
reinforced concrete structures would require more 
attention than steel work. 

The report for all other countries was originally 
prepared by M. Marcel Castiau in 1914. Supple- 
menting this to bring it up to date for the Rome 
Congress a report was compiled by M. Golard. 
We give a summary of the latter below, but since 
M. Golard refers chiefly to the more recent construc- 
tions it will be as well to mention the chief facts 
brought out in the report of M. Castiau, who pointed 
out the advantages of the monolithic character of 
reinforced concrete, the reduction in deadweight 
possible, and the excellent characteristics of this 





material as regards maintenance. With regard to 
reinforced concrete piles, these could be used with 
a tup restricted to about 2 tons and a fall of 
1 metre about one month after casting. Trouble 
had arisen from too heavy a tup or too little cement. 
Including the ordering of the materials and making 
the reinforcement, it took two to three months to 
make concrete piles, while timber piles could often 
be secured more readily. 

Reinforced concrete was suitable for floor slabs 
for culverts, &c. The most important railway 
viaducts built to the time of M. Castiau’s report 
were the Griindjetobel and the Langwies viaducts 
in Switzerland. These were arch bridges of 282 ft. 
and 328 ft. span respectively but were used by 
metre gauge railways. For over bridges reinforced 
concrete construction reduced maintenance to a 
minimum, and as they required less clear height 
than masonry arches the approach gradients were 
less steep. In some cases the bridges were of 
girders fixed to intermediate piers and free to expand 
over the abutments. Owing to the risk of accident 
to intermediate piers founded on piling which 
offer little resistance to horizontal impact, in some 
cases the girders were made continuous, resting 
only on the piers, and sufficiently strong in them- 
selves to sustain the dead load of the floor should 
the pier be temporarily destroyed. Foot bridges 
were often constructed of reinforced concrete with 
advantage. The material was excellent for stiffness 
and upkeep. Short bridges were of straight girders, 
longer ones of arched form. The three-hinged arch 
was sometimes adopted, and had been used for 
bridges of low rise. Bowstring girder footbridges 
of 108 and 175 ft. span had been cheaply constructed. 
In the latter the reinforcement amounted to 6 per 
cent. of the volume. The material was in general 
use for flooring for viaducts, &c. One of the most 
interesting applications was in alterations to exist- 
ing structures. For instance, viaducts carrying 
two lines of track had been widened, by means of 
reinforced concrete cantilevers and slabs, to take 
three tracks. Bridge floors had been reinforced. 
For retaining walls a light reinforced concrete 
structure with toe and counterforts was very suit- 
able for bad ground. In another form of retain- 
ing wall reinforced concrete was used for but- 
tresses between which were built horizontal arches 
of masonry. The material was very suitable 
for locomotive sheds, and had been largely 
used for all classes of roofs for these buildings, 
the sides and end walls being of brick. Expan- 
sion was allowed for in large sheds by using twin 
columns and leaving expansion gaps at specified 
distances. Reinforced concrete uprights with brick 
work panels made a suitable form of construction 
for good sheds, &c. Water towers and tanks were 
built of reinforced concrete which, however, he did 
not advise for chimneys. This form of construc- 
tion had been adapted to snow and avalanche 
sheds, while in the form of braced uprights with 
plank filling, it has been applied to snow screens. 
Such accidents as had occurred with the material 
were usually traceable to negligence or to errors 
in calculation. 


The report presented by M. A. L. Golard, of the 
Belgian State Railways, supplemented that of 
M. Castiau, as already stated. M. Golard 
said that reinforced concrete had been used suc- 
cessfully for the purpose of obtaining large area 
foundations at shallow depths. Pile foundations 
were common though they had two disadvantages, 
viz., that if piles had to be cut the work was ex- 
pensive, while if too short work was delayed by 
the time required for setting. In the devastated 
areas reinforced concrete had been widely used on 
account of rapidity of construction and lack of 
steel sections, &c. With good work the adhesion 
of the concrete to the reinforcement had been 
shown to be good and not to decrease with age, and 
it might safely be used for bridges, &c. It had been 
used for years in colliery sidings in which large 
and heavy engines were always at work. Concrete 
was really superior to steel work for dynamic 
loading, both on account of its weight and stiffness, 
In Spain reinforced concrete had been used for an 
important underbridge of 98 ft. 5 in. span; in 
Sweden this material had also been used for an 
underbridge at Nyakara with a span of 297 ft. 2 in. 
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It was in common use for footbridges. For over- 
bridges the top booms are usually parabolic and 
the lower straight. A number of important bridges 
of this type had been built ; one at Mouscron had 
two spans of 114 ft. 10 in. A handsome three- 
hinged arched bridge on the Mesnager system of 
82 ft. span had been constructed at Marseilles ; 
one of the largest in hand was the Gmundnertobel 
bridge in Switzerland of 259 ft. span. 

Ordinary concrete bridges were sometimes built, 
in order to avoid heavy timbering, by using the 
inner ring or layer of concrete to support the rest. 
As it was feared that the bond between the layers 
might prove a source of weakness, this system was 
abandoned in favour of cutting the work up into 
sections, and filling in selected sections in rotation, 
taking care to obtain a good distribution on the 
centering. As a matter of fact the former method 
had proved in certain cases tested to give quite good 
adhesion between the layers. Most of the reinforced 
concrete bridges under railways had been of narrow 
span. The opinion was that, though microscopic 
cracks might occur, these could be treated satis- 
factorily with waterproofing material. For under- 
bridges the Italian railways allowed 25 per cent. for 
the dynamic augment, in calculations. The track 
on such bridges should be laid on at least 1 ft. of 
ballast. The work should be protected from water. 

The use of reinforced concrete was general for 
water tanks. Some were built with spherical 
bottoms. Usually a richer mixture was used for 
such work, with in some cases a cement finish lining 
inside. All sorts of buildings had been built of the 
material; expansion joints were inserted. Roofs 
were sometimes sloping, saw-tooth, or circular or 
arched to other forms. A thin circular arch had 
been adopted with success, with girders and ties 
above or below the roofing. 

A note to M. Golard’s report was added by M. 
Desprets on reinforced concrete sleepers. This 
gave various designs of sleepers, some of which had 
given a measure of success. The form apparently 
most favoured by the reporter was the plain rect- 
angular sleeper with top edges chamfered and several 
straight bars reinforcing it lengthwise at the top 
and bottom. A sleeper of this type had given fair 
results on the Orleans Railway. On the Italian 
Railways the section and reinforcement had been 
reduced in the centre, while there and elsewhere 
sleepers consisting of blocks connected by a tie-bar 
had been tried. The latter had many disadvantages. 
With the Orleans sleeper, cracks occurred at the 
bearings and in the middle, and the concrete dis- 
integrated. The wooden trenail and screwed spike 
appeared to be the best type of fastening. Packing 
was required under the rail. In view of the 
scarcity of wood continued experimental work in 
the direction of developing a good reinforced con- 
crete sleeper was advisable. 

After Mr. Grierson had read his report he empha- 
sised the necessity for extreme care in ferro-concrete 
work, as laboratory experiments from which 
deductions were drawn rarely reflected the condi- 
tions met with in actual practice. He also ques- 
tioned the durability of concrete, and thought that 
the effects of impact upon concrete structures 
were not sufficiently known. M. Mesnager retorted 
that the quality of the materials could be ascertained 
by experiments carried out on samples taken on site, 
or even tests of the structure itself could be made. 
The duration of the work of the Romans was 
sufficient guarantee of the durability of modern 
ferro-concrete construction. As regarded impact, 
the official regulations took it sufficiently into 
account, and there was no recorded case of failure 
of ferro-concrete due to the inadequacy of the 
official methods of calculation. M. Séjourné men- 
tioned that ciment fondu had resisted the action 
of waters impregnated with sulphates in a tunnel 
on the line from Nice to Cani, when all other 
cements had failed. The material had been under 
observation for five or six years, and the point 
appeared proved. Ciment fondu contained a high 
percentage of aluminates, and after three days it 
acquired a strength equivalent to that shown by 
ordinary slow-setting cement only after a month 
and a-half. It continued to harden as time went 
on, and it had two very important advantages, 
the readiness for service after a very short delay 





and the reduction of the dimensions necessary for 
certain members of a structure to about one-half 
what they would otherwise be. 

M. de Boulogne, of the Paris-Lyons-Mediter- 
ranean Railway, stated that in his experience 
cements high in silicon had mechanical properties 
comparable to those of ciment fondu while possessing 
at the same time the setting properties of slow- 
setting cements. After a sufficient lapse of time 
the strength of these high silicon cements was equal 
to that of ciment fondu. An Italian member 
mentioned that since 1900, the Italian State Railways 
had constructed more than 500 reinforced concrete 
bridges of the straight-girder type, from 2 m. to 
19 m. span, which had behaved well up to the 
present. The cracks which had appeared were due 
entirely to the contraction of the concrete and not 
to the moving loads. Experiments carried out in 
1918 showed that no loss of strength had occurred 
and no oxidation of the steelwork had been caused 
by the cracks. M. Quinquel mentioned the 
strengthening of certain cast-iron structures by 
means of reinforced concrete, round bars of which 
had been used to replace sections of iron. M. 
Desprets commented on the different tendencies 
shown in the construction of ferro-concrete sleepers. 
On the one hand were prismatic sleepers copied 
from those of wood, on the other were sleepers 
formed of blocks united by connecting beams. It 
was remarkable to note that the sleepers most 
recently tried on the Italian and Orleans Railways 
had the same length of 2-40 m. The wooden 
sleeper of equal deformation was 2-60 m. long. 
It was doubtful whether the steel in the ferro- 
concrete sleepers tried was sufficient. In this 
respect the block sleepers with rigid connecting 
beams, such as the Paris-LLyons-Mediterranean used 
might be the best. Another speaker pointed out 
that the real difficulty with ferro-concrete sleepers 
lay in the attachment of the rails, no perfect attach- 
ment having yet been discovered. It also transpired 
that when block and beam ferro-concrete sleepers 
were used most of the beams broke in the middle. 
The Compagnie du Nord was interested in ferro- 
concrete sleepers, but so far did not think it desirable 
to go in for them on any extended scale. With 
regard to the effect of the fumes from locomotives 
on ferro-concrete, it was considered desirable that 
a minimum thickness of concrete should protect the 
reinforcement. The lower parts of the side-walls 
in masonry tunnels were also sometimes attacked 
by water impregnated with sulphurous vapours. 

Ultimately the section arrived at the conclusions 
which we may summarise as follows. Concrete 
and reinforced concrete are ever finding more 
numerous and varied applications in connection 
with railway work, the cost being often notably 
less than that of metallic structures. When using 
ferro-concrete the greatest care must be taken both 
with the design and with the supervision of the 
work. The best materials only should be used, 
and the concrete should be put in as dry as possible 
and well rammed on every part. For work beneath 
railway tracks subject to impact, there is no 
objection to the use of ferro-concrete which affords 
a generally advantageous solution, although such 
work must be supervised with care. It is always 
advisable to interpose a cushion of wood or ballast 
between the track and the concrete, while the surface 
of the superstructure must be maintained as water- 
tight as possible. Experience of the application of 
ciment fondu would be followed with interest, as this 
material might bring about a great advance in 
certain methods of construction, and might be of 
particular use when sea-water and wate: containing 
sulphates were encountered. Furthermore, the 
experiment now being carried out by various 
railway administrations regarding the use of ferro- 
concrete sleepers should also be followed, as this 
material might be a useful alternative to timber 
for the purpose, and its availability would tend to 
steady the price of timber sleepers. 


(To be continued.) 
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ELECTRICITY AND MATTER. 


Tue Kelvin lecture of the Institute of Electrical 
Engineers was delivered on Thursday, May 18, by 
Sir Ernest Rutherford, F.R.S., who had chosen 
as his subject the connection between electricity 
and matter. 

He said that he proposed on that occasion to 
broach a very large subject in a very brief way, 
though he would have to mention in the course of 
his lecture many notable advances in our knowledge 
of the relationship between electricity and matter. 
He believed it was customary for Kelvin lecturers 
to take, as the basis of their address, some phase 
of Kelvin’s work, and he could himself have followed 
the same precedent, by recalling Kelvin’s early 
papers on the dimensions of the atom. In a lecture 
delivered at the Royal Institution in 1883 Lord 
Kelvin had given a most illuminative account of 
the various lines of evidence which led to the view 
that matter was atomic, and had calculated from 
the cooling effect observed when a film of water 
was stretched, the minimum dimension of the 
water molecule. It was interesting to note that the 
value thus derived agreed closely with the estimates 
now accepted. Towards the end of the nineteenth 
century Kelvin recognised that electricity was 
atomic in its constitution and, in a paper curiously 
entitled “‘ Aepinus Atomised,” had put the concepts 
of Aepinus on a modern basis, by assuming the atom 
to consist of “electrions ”’ embedded in a sphere 
of positive electricity. This type of atom was the 
first to be studied, having also been dealt with 
by Sir J. J. Thomson. The advantage of this 
model was that it was immediately amenable to 
mathematics. Kelvin’s speculations dealt with 
what constitution of the atom would cause it to 
eject the high-speed particles, which radioactive 
bodies had been found to emit, but it was a curious 
anomaly that he never entirely accepted the view 
that radioactivity was due to atomic disintegration. 

The discovery of the electron in 1897, largely 
due to Sir J. J. Thomson, was an event of extra- 
ordinary significance in science, not only on account 
of its bearing on the nature of electricity, but 
because it gave us for the first time a lever with 
which to attack the fundamental problem of atomic 
structure. 

The first proof that there was a connection 
between electricity and matter was provided by 
Faraday’s discovery of electro-chemical equivalents. 
His results were most simply explained by the 
theory that electricity was itself divisible into 
definite unit charges, each numerically equal to that 
carried by the hydrogen atom in electrolysis. It 
was nevertheless a very curious fact that a long 
interval elapsed, before this idea was generally 
accepted. The hypothesis was mentioned by 
Maxwell and, later on, by Helmholtz, but in each 
case with reservations. Dr. Johnstone Stoney was 
the first to state with conviction that electricity 
actually was atomic, and it was to him also we 
owed the name electron, and he made, moreover, 
an estimate as to the numerical value of this 
unit charge. As knowledge grew, and especially 
when we became able with X-rays and with 
the rays from radium, to ionise gases, it be- 
came clear that the theory was valid, and even 
before 1900 the atomic nature of electricity formed 
the basis of all the theories in vogue. Now, owing 
to Millikan’s experiments in which the pull of 
gravity on electrified drops of oil was balanced by 
an electric field, we knew not only that electricity 
was atomic, but also the value of the unit to at 
least one part in 100, and probably to 1 part in 
1,000. Once this unit was determined we were 
able to calculate with equal accuracy the number 
of atoms in a gramme of any element of which the 
atomic weight was known. 

It soon became clear that the electron was a 
disembodied atom of electricity, since it turned 
out that its observed mass could be accounted for 
without assuming the presence of any material 
carrier. Kaufmann, in fact, had bent by means 
of electric and magnetic fields the S-rays emitted 
by radioactive elements, and showed that the 
apparent mass increased rapidly as the speed 
approached that of light. His results were in very 
good accord with the view that the mass of these 
B particles was entirely electrical. The general 
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idea, on which this conclusion was based, was due 
to Sir J. J. Thomson, who had shown that if a 
charged body were in motion it set up round itself 
a magnetic field in which energy was stored, and 
that this store travelled along with the charged 
particle so that this had, in addition to the ordinary 
kinetic energy due to its motion, also electrical 
energy, which could be represented as an electrical 
mass accompanying the mechanical mass. Kauf- 
mann’s measurements on the §-rays indicated 
that in this case the mass was wholly electrical. 
Since then Einstein had shown on the relativity 
theory that uncharged masses also underwent the 
same increase as their speed approached that of 
light. This was merely a generalisation of the 
previous result, and followed at once if the atom 
was built up of electricity. 

One great difficulty encountered had been to 
find the exact relation between the positive and the 
negative units of electricity. The charge was the 
same from the arithmetical standpoint, but the 
sign different. He could not on this occasion go 
into the history of the changing views on this 
subject, but would merely state that it was now 
thought that a positive electron, equivalent to a 
mirror image of the negative electron did not 
exist. The negative electron had a mass equal to 
about ; 255 of the hydrogenatom. But noevidence 
had ever been obtained of a positive charge associated 
with any particle having a mass less than that of the 
hydrogen atom, and it now seemed clear that the 
positively charged nucleus of this atom was itself 
the positive electron. It was, of course, still con- 
ceivable that positive electricity might be found 
associated with a mass similar to that of the negative 
electron, and hence it was perhaps best to give a 
special name to the hydrogen nucleus, which had 
accordingly been called the proton. 

It might be asked why there was such an extra- 
ordinary difference between the positive and the 
negative units?; but the speaker considered it 
doubtful if an explanation of this anomaly would 
ever be found. In the meantime, the distinction 
must be accepted as one of the fundamental facts 
of nature, being essential to the structure and 
appearance of matter as we actually knew it. The 
whole of the properties of the atom were bound up 
in this asymmetry of the two kinds of electricity. 

We could, Sir Ernest continued, calculate on our 
old theories the diameter of the negative electron, 
assuming it to be spherical in form. This diameter 
came out as 2 x 10-13 cm. From the general 
theory, it appeared, that the mass of a given charge 
must depend upon its concentration, and the only 
explanation available as to the much greater mass 
of the proton was that this had a much smaller 
diameter than the electron, viz., about 10-16 cm. 
The proton was therefore by far the smallest body 
known in Nature. 

We had, the lecturer proceeded, ultimately got a 
fairly definite idea as to the “ gross” structure of 
an atom of matter. This was known as the nuclear 
theory, and had proved of great importance in 
offering obvious and simple explanations of some 
fundamental facts, and was accordingly now used 
in all calculations. 

On this view, at the centre of each atom there 
was a massive but very minute nucleus carrying an 
excess of positive charges of electricity. This 
nucleus was surrounded at a relatively great distance 
by shells of electrons equal in number to the 
excess of positive charges on the nucleus. These 
electrons were responsible for only a minute fraction 
of the total mass of the atom. In the oxygen atom 
there was an excess of eight positive charges on the 
nucleus, and around this at a relatively great 
distance revolved a ring of two electrons, whilst 
very much further out was another ring of six 
electrons. All these electrons were controlled by the 
electric attraction of the nucleus, the law of force 
being the ordinary inverse square. The bulk of the 
atom was thus occupied rather than filled by 
electrons in rapid motion, whilst at the centre was 
the positively charged nucleus controlling the 
whole. 

It followed accordingly that the whole of the 
chemical and physical properties of the atom were 
controlled by the nucleus, the charge on which 
fixed the number, orientation and position of the 
surrounding electrons. 





constitution might be divided into two, viz., the 
structure of the nucleus and the position and 
motion of the outer electrons, which were alone 
concerned in ordinary physical and chemical 
phenomena. 

One great problem was to determine the number 
of the nuclear charges for all elements. Calcula- 
tions based on the scattering of a-rays and X-rays 
had enabled approximate estimates to be made, 
but the final solution was due to Moseley who, by 
photographing X-ray spectra, had arrived at the 
unexpected and extraordinarily simple relation that 
the charge on the nucleus was the same as the ordinal 
number of an element in the table of atomic weights. 
Thus with hydrogen we had one positive charge at 
the nucleus and one outer electron. With helium 
two, with lithium three, and so on up to uranium, 
in which the excess of positive charges on the 
nucleus was 92, and this nucleus was accordingly 
surrounded by 92 electrons in the outer shells. 
A few elements appeared to be missing, but might 
yet be found. 

It was an extraordinary fact that all the known 
elements followed the simple rule that the nuclear 
charge rose by single units. This was, of course, 
due to the atomic nature of electricity, but no one 
would have anticipated that we should on this 
hypothesis find 92 stable elements on the earth. 

The problem as to how the outer shells of electrons 
were arranged was, it would be seen, one of enormous 
complexity, since in the case of uranium there were 
no less than 92 of these electrons. Nevertheless, 
Bohr had endeavoured to explain the motion and 
position of the electrons even in the heaviest 
atoms by an application of the quantum theory,* 
which was strongly supported in various directions. 
On Bohr’s theory we must suppose that the shells 
of electrons are circulating round the nucleus, the 
stable positions being fixed by the quantum law. 
Bohr had been able thus not only to account for the 
group of inert gases, but also to calculate the rates 
of vibration both of the ordinary light emitted 
by the atom and of its X-ray spectrum. The theory 
was thus of a very embracing type, and a final 
opinion of its validity could not be expressed at 
this stage, but the speaker was himself convinced 
that Professor Bohr had made a very definite attack 
on the fundamental properties of atoms, so that we 
now knew a good deal about the arrangement of 
the outer shells of electrons. Other theories had 
been advanced in which the electrons were supposed 
to be stationary instead of in motion, but Sir Ernest 
said he could not deal with these that evening. 

Coming to the nucleus, the speaker recalled the 
fact that when the atom of uranium broke up, the 
a particle carried away two charges of positive 
electricity, so that the residual atom of UrX, had 
an atomic number equal to 90, that of Ur being 92. 
In the two succeeding transformations 8 particles 
were expelled from the nucleus. The loss of each 
B particle increased by unity the excess of positive 
charges in the nucleus, so that after three trans- 
formations we had again an atom with a nuclear 
charge of 92. The chemical and physical properties 
of this atom were accordingly identical with those 
of the original uranium atom, although its atomic 
weight was 4 units less. Similarly radium B, 
radium D and lead had all the same nuclear charge, 
and consequently identical chemical and physical 
properties, although they had different atomic 
weights. The radio-active properties of these 
isotopes were, however, very different, as these 
depended on the constitution of the nucleus. 

During the last two years Dr. Aston had devised 





* The quantum theory due to Planck assumes that 
quantities of energy are not infinitely divisible, or rather 
that in all transferences of energy from one body to 
another the transfer 1s made in integral multiples of a 
certain fundamental unit. In this way an explanation 
is afforded of the very curious fact that at very low 
temperatures the molecule of hydrogen becomes incapable 
of acquiring a spin. According to the quantum theory, 
the least amount of “spin” energy it can acquire is 


, where hf is Planck’s quantum and I the 





equal to 

2r2 I 
moment of inertia of the molecule. In the case of 
hydrogen I is so small that at very low temperature the 
unit of spin energy far exceeds the average kinetic energy 
of the molecules, and hence in a collision no spin is 
acquired, and the ratio of the specific heats rises from 
13 to 1%.—Ep. Ene. 
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|methods of detecting isotopes of ordinary non- 


radioactive elements, and found that many of the 
bodies deemed elements by the chemist were 
really mixtures of isotopes, chlorine being a notable 
example. Of the lighter elements, carbon, nitrogen, 
oxygen and fluorine had no isotopes, but were what 
it was now customary to call pure elements. It 
further appeared that when the isotopes were 
separated, the atomic weight was in each case a 
whole number to 1 part in 1,000. This result 
was of very great interest and importance, and 
suggested that the nucleus was built up of particles 
having a mass equal to unity, and it was natural to 
identify these particles with the proton. 

It was exceedingly likely that when still more deli- 
cate measurements were made, the atomic weights 
of the different isotopes would not be exactly whole 
numbers, and if this turned out to be the case the 
results would be of extraordinary interest. We 
had direct evidence that the nucleus contained 
a particles, which were helium nuclei, and also 
electrons. The radioactive elements, however, 
afforded no trace of the existence of protons within 
the nucleus, and the only way offering any hope 
of obtaifiing definite evidence of the actual nuclear 
structure was to disrupt this and to examine the 
fragments. The nucleus was, however, very strongly 
bound together, and to disrupt it, extraordinarily 
concentrated forces must be applied and very close 
in to the nucleus. To this end, therefore, use was 
made of the a particles shot out from radium C 
at a speed of over 10,000 miles per second, the con- 
centration of energy being so great that a splash 
of light was produced when one struck a zinc 
sulphide screen. With these particles, the speaker 
had bombarded the lighter elements, which were 
chosen because having a smaller nuclear charge, 
they repelled the incoming positively-charged 
a particle less strongly than the nuclei of the heavy 
atoms would do, as these latter carried a very large 
number of positive charges. Hence the a particle, 
even if it got near the nucleus of a heavy atom, 
would not have much energy left, whilst in the case 
of a lighter atom it might still have considerable 
energy when it reached the nucleus. When the 
a particles of RaC were fired into a mass of hydrogen 
an occasional collision occurred with the hydrogen 
nucleus, which was then driven off at a considerable 
speed, which by the ordinary laws as to the inter- 
action of colliding bodies would be 1-6 times that 
of the a particles. This rule proved to hold good. 
The hydrogen nuclei thus propelled could be detected 
by the scintillations observed when they struck a 
zine sulphide screen. The range in air of the 
a particles from Radium C was about 7 cm., and 
theory showed that the range of the hydrogen 
nuclei expelled on a collision should be four times 
as great. This proved to be~the case. When 
hydrogen gas was bombarded no proton was found 
to have a penetration greater than 30 cm. in air. 
When oxygen, carbon monoxide, or CO, was sub- 
stituted for hydrogen nothing seemed to occur, 
but with nitrogen, particles having the mass of the 
hydrogen atom were found with a range of 40 cm., 
which, as stated, was further than the nuclei 
expelled from hydrogen could travel. Still more 
striking effects were obtained when a piece of 
aluminium foil was bombarded. In this case 
hydrogen particles were found with a range of 
90 cm., that is to say, with an energy 40 per cent. 
more than that of the a particles which expelled 
them from the aluminium nuclei. It was note- 
worthy that all the elements from which these 
high-speed protons could be expelled had an atomic 
weight which left either 3 or 2 when divided by 4. 
The atom of helium had itself an atomic weight of 
very nearly 4, and it was natural therefore to suppose 
that the nucleus of the nitrogen atom consisted of 
three of these helium nuclei and two protons giving 
an atomic weight of 14. On the other hand, carbon 
had an atomic weight of 12 and the nucleus appeared 
to consist of three helium nuclei, and apparently 
whenever the nucleus was constituted of a particles, 
without additional protons, it could not be disrupted 
by the particles from Radium C. 

The experiments on aluminium had yielded some 
indication of how the overflow of protons were 
arranged in the nucleus. With aluminium as the 
target nearly as many protons came out in front 
of the plate as behind it, and this seemed to indicate 
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that the protons were circulating round the main 
body of the nucleus and very close in. Their orbit 
was changed by the collision, and the form it took 
depended upon the position occupied at the moment, 
and on the relative direction of the a particle. 
If the orbit was changed into the hyperbolic type, 
the proton came out behind the plate, whilst if the 
collision gave the orbit a parabolic character it 
came out in front. 

The protons in question were positively charged 
and so was the main body of the nucleus. Hence 
for the orbit to be stable, the law of force must be 
reversed, when positive charges were brought very 
close together. Outside of this region, however, 
the ordinary laws held, and the force between two 
positive charges was a repulsion diminishing accord- 
ing to the law of the inverse square. There was, 
he might add, indirect evidence in support of this 
view as to a change in the law of force at 
extremely small distances. 4 

In the manner described it had been show 
directly, that the proton was a constituent of some 
atoms, and hence we had found three constituents 
in the nucleus: the a particle, the proton and the 
electron. It was natural to ask whether the a 
particle or helium nucleus was not itself a compound 
system, carrying an excess of two positive charges, 
and with a total mass very nearly equal to 4. Hence 
it might be built up of four protons and two electrons. 

Sir Ernest said that he had himself but little 
doubt that this was the case, and if so, very important 
consequences followed. It would be seen that the 
mass of the proton being 1-0077, that of the helium 
nucleus was less than the sum of four protons, 
each of which accordingly lost a mass of 0-0077 
units on joining up to form part of an a particle. 

Maxwell’s researches led implicitly to the con- 
clusion that energy was emitted when electrified 
systems were concentrated, and the same result 
followed from the doctrine of relativity. According 
to the latter, if mass were diminished in forming an 
a particle, energy equal to mc* must be radiated 
away, where m denoted the loss of mass and c the 
velocity of light. It followed, therefore, that if 
a gramme of protons united to form a gramme of 
helium, an enormous amount of energy was set free. 
Each proton lost in fact four times as much energy 
as that represented by the swiftest a particle from 
Radium C. 

Eddington and Perrin had accordingly suggested 
that the energy of the sun was due to the formation 
of complex atoms out of proton, and in particular 
in forming helium. Years ago Kelvin had shown 
that on the theory that the sun’s heat was due to 
shrinkage, it could not be more than 10,000,000 years 
old, whilst we had reason to believe that it was 
more than 1,000,000,000 years old. If, however, 
hydrogen was condensed into helium in the sun, 
the consequent liberation of energy would prolong 
its life to 100 or 1,000 times Kelvin’s limit. 

Whilst the speaker believed that such trans- 
formations did occur in the sun and stars, there was 
no evidence that helium had ever been produced 
from hydrogen in our laboratories, and perhaps 
it never would be, as we could hardly hope to 
realise here the state of affairs in the centre of certain 
stars, where the temperature might be millions of 
degrees, and where the transformation might 
proceed in slow stages for millions of years. 

Most of those now engaged in this field of in- 
quiry took as their working hypothesis the view that 
the atoms consisted wholly of electricity, and that 
all the properties of matter would ultimately have to 
be explained in terms of the electrons and the 
protons, A point in which the speaker was particu- 
larly interested was that if the ordinary laws of 
force broke down inside or very close to the nucleus 
some substitute must be found, as at present it was 
difficult to make calculations as to what occurred 
there. In 1913, he had been rash enough to say 
that the attack on this problem must be left to 
another generation, but already some progress had 
been made, as Mr. Ellis had obtained results which 
seemed to show that the y rays did really come from 
the nucleus, and that nevertheless the ordinary laws 
of quantum dynamics still held. If this were con- 
firmed, it was a most striking and interesting result, 
since even if we did not know how the nucleus held 
together, we would be able to get an idea as to the 
rates of vibration ruling inside it. It was hoped 
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ELECTRICALLY-DRIVEN Pumps aT WELL Hatt Roap. 


that much information on this head would be | and a current passes to a relay in the recording instru- 
obtained from the study of star and nebule spectra. | ment, the direction of this current depending upon which 
contact is made and therefore upon whether the float 
is falling or rising. In order that the duration of 
contact shall be long enough for sufficient current to 
pass to work the relay, the dash pot is set so that the 
contacts are maintained for approximately 3 seconds. 
When the tooth of the star wheel is free of the point of 
the rocker B the latter springs back to the neutral 
position under the influence of a small spring mounted 
roller working in a vee at the back of B. A single wire 
runs from the transmitter to the recorder. 








NEW LONDON SERVICE RESERVOIRS. 
(Concluded from page 614.) 

THE reservoir at Shooters Hill replaces, as already 
stated, an older reservoir not far from the present 
site. The arrangements in this neighbourhood include 
awater tower. The Board’s new pumping station for 
this reservoir and tower, at Well Hall-road, represents 
a departure from previous practice as it embodies| The latter is illustrated in Fig. 29, page 649. It 
electrically-driven centrifugal pumps. A view of the | consists of an ordinary clock mechanism (to the right) 
interior of this station is given in Fig. 24, annexed. | driving the drum carrying the record chart, and the 
The machinery consists of three pumping sets. Two | receiver which operates the pen marking the graph on 
of the sets are motor driven three-stage pumps, the | the recording chart. The construction of the receiver 
third being a single stage set. The two former are| is really very simple. Behind the indicator dial to 
identical and are 7-in. pumps each of a capacity of| the left of the instrument are two electro-magnets 
750,000 gallons per 24 hours against the head of 307 ft. | placed vis-a-vis. One of these is to be seen in our 
which is that involved in pumping to the Shooters| illustration. Each armature is fixed to a vertical 
Hill water tower. The third pump is a 9-in. single | lever coupled to an horizontal rod which operates a 
stage pump and is shown in the foreground in Fig. 24.| pawl engaging with a ratchet wheel on the indicator 
This has a capacity of 2,000,000 gallons per 24 hours, | spindle. When an armature is attracted to the magnet 
against a head of 126 ft., and pumps only to the | the horizontal rod and pawl move the ratchet wheel 
Shooters Hill reservoir, and not to the tower. The| round one division. At the upper part of the back of 
station is situated at a point on the border of two| the instrument is a relay which receives the current 
supplies, and advantage has been taken of this fact | impulses from the transmitter at the reservoir. This 
in order to ensure against stoppage due to failure | relay in turn closes the local battery circuit of one or 
of current. Normally, current is supplied by the| the other of the electro-magnets, according to the 
Borough of Woolwich Electricity Department at direction in which the current has been received from 
6,500 volts, transformed at the station to 380 volts. | the transmitter. If passed through one magnet the in- 
The motors direct coupled to the pumps are of 90 brake | dicator will register a rise of water level, and if through 
horse-power. The pumping hours are arranged so/|the other, a fall of level. An arrester, consisting of 
that the plant is shut down at times of “ peak” load | two plates with a mica sheet between them is placed, 
on the Electricity Department supply, by which it | close to the relay to prevent damage from lightning, &c. 
has been possible to secure current at a reduced rate.| Close behind the indicator dial and pointer is a 

In connection with its reservoirs in their Kent dis- | grooved pulley. This is connected by a crossed cord 
trict the Board uses automatic water level indicators | passing over two pulleys with a pen holder carried by 
and recorders, These instruments are on the Barr and | the vertical frame in the middle of the instrument. 
Lennox patents and are made by Messrs. Glenfield and |The holder carries the pen which draws the record 
Kennedy, Limited, Kilmarnock. Each set consists of | curve, and is connected with the upper and lower ends 
two instruments, a transmitter and a recorder. They | ofthe driving cord. The action is obvious, the indicator 
are connected electrically, and only the former need | working the scribing pen up and down while the chart 
be situated actually over the water, the recorder being| is revolved. Diagrams are arranged either for one 
in the pumping station or elsewhere as required. The | revolution of the drum per 24 hours, or seven days. 
transmitting instrument is illustrated in Figs. 25 to 
28, page 649. This instrument is operated by a float | 
suspended by a phosphor bronze cord passing over 
guide pulleys and wrapped several times round a 
large driving wheel A. To the other end of the cord 
is hung a balance weight. The float is guided by two 
weighted wires carried down to within 3 in. of the 
reservoir floor. Attached to the spindle carrying the 
driving wheel, there is fixed inside the case a star 
wheel with which a small roller mounted on a split 
lever arm engages. This lever is pivoted at one end, 
and at the other is connected with adash pot. The star 
wheel teeth also engage with a small rocker B. Attached 
to the latter are contact arms C, and these are forced 
over when the rocker is moved so as to come in contact 














Monet Merar.—A series of tests on the mechanical 
properties of hot rolled Monel metal have been made in 
America by Messrs. Merica, Waltenberg and McCabe, on 
behalf of the International Nickel Company. wit was 
found that the average “ proportionality limit” of the 
| metal ranged from 35,000 Ib. to 49,000 lb. per square inch, 
being about 80 per cent. of the yield-point. The shear 
modulus was 9,600,000 Ib. per square inch and Young's 
modulus 25,400,000 Ib. per square inch, Poissons’ ratio 
being 0-33. The alternating stress tests did not estab- 
lish the endurance limit of the metal, but it was found 
that in rotating bar tests the material would endure 
2,000,000 alternations of a stress equal to 43,000 Ib. per 
square inch and 75,000,000 alternations of a fibre stress 
of 38,000 lb. per square inch. In ordinary tensile tests 
the ultimate strength ranged from 80,000 Ib. to over 











with either of the springs D. Connection is thus made, | 97,500 lb. per square inch. 
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Avromatic WaTER-LEVEL INDICATOR AND RECORDER. 


Fies. 25 to 29. 


THE INSTITUTE OF TRANSPORT. 
(Concluded from page 617.) 

THe Future Desien or Roap VEHICLES. 
THE members assembled at 10 a.m. on Thursday 
last in the Reading Room of the Institution of Civil 
Engineers to hear a paper by Sir John E. Thorny- 
croft, K.B.E., entitled “The Future Design of 
Road Vehicles for Goods and Passenger Service,” 
Mr. E. S. Shrapnell-Smith, C.B.E., vice-president 
of the Institute of Transport, occupying the chair. 
The paper, which was a somewhat lengthy one, 
was read in abstract by the author. It neither 
forecasted nor advocated any striking departures 
from accepted practice, and was indeed rather a 
summary account of what current practice is, than 





a prophecy as to the future. The conclusions of 
the author, as expressed in his last paragraph 
are “that until the physicists and chemists discover 
some new source of energy, or means of storing it, 
the writer does not think it probable that there will 
be any great change in the design of present-day 
road vehicles, and that engineers will have to 
content themselves with devoting their attention 
to improving details of design with a view to getting 
the best possible economy out of the fuel available 
and making the machines as simple as possible to 
maintain.” ~The paper nevertheless was a very 
interesting one, and as it touched, though lightly, 
upon practically every question which arises in 
connection with heavy motor transport, whether 
by petrol, steam or electric power, it afforded an | 





Fie. 28. 


excellent basis for discussion at a Transport Con- 
gress. 

One impression left on the mind by the dis- 
cussion was the very general feeling shown that 
motor vehicles having six or more wheels would 
constitute one of the next developments in con- 
nection with road transport. Lord Montagu of 
Beaulieu argued that as the original four-wheeled 
railway rolling-stock had had to be replaced by 
six-wheeled and then by eight-wheeled coaches as 
weights and speeds increased, a similar development 
might be expected with road vehicles. It should, 
however, be noted that the adoption of bogie stock 
on railways was not due to a desire to reduce the 
load per wheel but to enable vehicles of larger 
capacity to be used without sacrificing flexibility on 
curves. With road traffic the question is entirely 
different, for it is the destruction of the road by a 
heavy wheel pressure, and particularly by a heavy 
unsprung load, which is the real basis of the argu- 
ment for distributing the weight over more wheels. 
One speaker very pertinently pointed out, however, 
that those firms which were advocating six-wheeled 
motor vehicles, were claiming that such machines 
would carry 50 per cent. more load than the ordinary 
vehicle, and so the road would not receive any 
benefit from the increased number of wheels. 
The Ministry of Transport was understood to favour 
six-wheeled vehicles, but it was yet to be demon- 
strated that these were less destructive of roads 
than a wagon and trailer of the same weight. 
The multi-wheel idea, however, received con- 
siderable support from speakers, but exactly how 
such vehicles would be driven, and whether articu- 
lated or not, was hardly referred to. One gentleman 
showed a small model of a ten-wheeled chassis, of 
which the last six-wheels were driven, and demon- 
strated that this would pass over a depression in 
the road with no trace of the bumps experienced 
by the usual four-wheeled chassis. 

No one could be found to defend the existing 
basis of motor taxation, namely, on the Treasury 
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horse-power rating, though the chairman, speaking as 
a member of the Government Committee on Motor 
Taxation, explained some of the reasons which had 
influenced the Government in adopting it, and held 
that nobody was really to blame. Another speaker 
exonerated the Treasury and put the blame on the 
R.A.C., but whoever was responsible, it was agreed 
that the effect upon engine design was bad. Major 
Strickland pointed out that American engine 
builders could supply the same engine for pleasure 
cars, commercial vehicles and for export, with a 
great advantage to cheap production, whereas the 
British maker was compelled by the incidence of 
taxation to produce models for home motor vehicles 
which would not be accepted either for pleasure 
cars or for export. Mr. Worby Beaumont, who, 
like the chairman, had been a member of the 
committee which investigated the question of 
taxation, considered that the taxation authorities 
should be no more concerned with the bore and stroke 
of petrol engines than they were with the corre- 
sponding dimensions of locomotives. 

As regards the cost of road transport, there were 
* not many figures bearing upon the subject mentioned 
at the meeting. Sir John E. Thornycroft, in his paper, 
had stated that, whereas at the Liverpool trials in 
1901 the average heavy steam motor vehicle 
required 18,350 B.Th.U. in the fuel to produce 
1 gross ton-mile, the average of good modern steam 
vehicles was about 17,600 B.Th.U. per ton-mile. 
At the trials referred to, the internal-combustion 
engined vehicles averaged 33-6 ton-miles per gallon 
of petrol, or required 3,600 B.Th.U. per gross ton- 
mile. Average present-day petrol consumption, 
worked out to about 2,450 B.Th.U. per gross ton- 
mile, the best recorded results being better than this 
by about 10 per cent. to 15 per cent. Vehicles 
operating by suction gas used about 4,500 B.Th.U. 
per ton-mile and thus required only about one- 
quarter the fuel of steam vehicles. The Clarkson 
steam vehicle, during an official test carried out 
under the supervision of the R.A.C. in 1914, had 
worked with a consumption of only 0-6 lb. of coke 
per gross ton-mile, which was probably the best 
result yet shown for a steam vehicle in any officially- 
recorded trial. One speaker in the discussion 
said that from his own experience of actual running 
conditions, motor omnibuses would do from 
40 ton-miles to 50 ton-miles per gallon of petrol, 
the cost being about 0-5d. per ton-mile. Steam 
vehicles might be less efficient than petrol vehicles 
from the thermal point of view, but the fuel they 
used was so much cheaper that their fuel costs 
per ton-mile were only about one-third those of a 
petrol vehicle. It might be taken that a steam 
vehicle would use 1-25 Ib. of fuel on an average 
per ton-mile, and this would cost only 0-16d. as 
compared with 0-5d. for petrol for the same work. 

Those who mentioned the electric battery vehicle 
seemed to agree with the author of the paper that the 
weight of their batteries rendered them unsuitable 
for high speeds, though for short runs and on roads 
where their slowness did not make them a nuisance 
to other vehicles, they had a field of usefulness. 
They could be ruled out of consideration for work 
such as that carried on by the London Omnibus 
Companies, until a battery vehicle could be pro- 
duced which, with an 8 minutes’ charge, could run 
30 miles or 40 miles. The managing director of 
one of the London brewery companies had found 
battery vehicles useful within a 10-mile radius of 
their garage, and with an effective journey averaging 
5 miles. Their slowness was of no consequence in 
the city, where all traffic was slow, and where 
there were an enormous number of horses still 
employed. A mileage of 36 per day could be relied 
on without recharging, but in practice two or three 
loads were taken per day, with boosts between. 
The system of changing the batteries completely, 
instead of charging them in place was not satis- 
factory. In such work as the speaker referred to, 
the vehicle was standing still for 80 per cent. of the 
day, so that even an increase of 50 per cent. in the 
running speed would not materially affect the 
amount of work it could perform in a day. Mr. 
Worby Beaumont held that the electric vehicle was 
rapidly taking the place of the petrol vehicle of 
1 ton or 2 tons capacity for city work. 

So far as improvement to the ordinary heavy 
petrol vehicle was concerned, the opinion seemed 





to be that progress lay in the direction of lessening 
the unsprung weight, and improving the clutch and 
transmission gear between the engine and the back 
axle. Aluminium wheels, which would reduce the 
unsprung weight by 50 per cent. were being experi- 
mented with by the London General Omnibus 
Company, who also were trying cushion tyres for 
motor omnibuses. The chairman indicated that 
pneumatic tyres were to be sanctioned for axle 
weights of 4 tons and speeds up to 20 miles per hour, 
the inner tube being divided into separate compart- 
ments. The railless tram car, or trolley-bus, was 
mentioned by several speakers, but the question of 
capital expenditure and the limitation of the vehicles 
to definite routes seemed to be considered sufficient 
to restrict the system to exceptional conditions. 
Nothing of any interest transpired with regard to 
the substitution of alcohol for petrol as a fuel, 
though it was mentioned that the Government had 
given a subsidy of 5d. per proof gallon to power 
alcohol produced in this country, and that the 
distillers were spending money on experiments 
in this connection. An alcohol-ether mixture, 
known as Natalite, and containing no petrol, has, 
of course, been used commercially in South Africa 
for several years. 


. 


INLAND WATER TRANSPORT. 


At the meeting held in the lecture hall on Thursday 
morning, the 18th inst., the chair was again taken 
by the president, Sir Henry P. Maybury, K.C.M.G., 
C.B., and the paper read and discussed was one by 
Mr. Neville Chamberlain, M.P., entitled ‘‘ Inland 
Water Transport: A Practical Policy.” In this 
paper, Mr. Chamberlain first pointed out that, with 
the exception of the Manchester Ship Canal, the 
whole network of canals and canalised rivers in this 
country did not contain a single route connecting 
the central industrial districts with the sea which 
was in the hands of a single authority. As a result 
of this multiplicity of ownership, he said, the 
waterways, in general, had remained in much the 
same condition for the last century. After referring 
briefly to the work of the Royal Commission on 
Canals and Waterways appointed in 1906, the 
author proceeded to outline the policy recom- 
mended by the Departmental Committee on Inland 
Waterways, of which committee he is the chair- 
man. In arriving at their conclusions, the com- 
mittee have realised that insufficient data and 
experience exist to form an adequate estimate of 
the return to be derived from the capital ex- 
pended on canal improvements, and it is therefore 
suggested that the work should proceed in steps. 
Each step, it is thought, would provide data on 
which subsequent improvements could be based 
with more certainty. It is proposed to divide the 
waterway systems of the country into a series of 
groups, each containing a central main route fed by 
a number of auxiliaries. On some of the main routes, 
it was pointed out, comparatively small expenditure 
would be required to make the central artery a 
satisfactory waterway for barges of 100 tons to 
120 tons. Three considerations are regarded as 
essential to successful working, viz., central manage- 
ment and control throughout the district comprising 
the group, properly equipped terminal facilities, 
and regular and punctual services. The author 
dealt with each of these points in some detail, 
mentioning with regard to the second, that the 
development of road transport in recent years had 
eased the problem involved in finding space for 
terminals in industrial cities. He would prefer, he 
said, for the matter to be left to private enterprise, 
but he recognised that considerable capital would 
have to be sunk, and feared that returns on this 
might be delayed, as well as uncertain in amount. 
The indirect return on the expenditure, he expected, 
would be considerable, and he therefore thought 
that the co-operation of interested local authorities, 
and also the State, might be invited. The waterways 
of the country, it is suggested, might be divided 
into seven groups roughly as follows: The River 
Trent and its connections with Nottingham as the 
principal inland centre ; the Yorkshire canals with 
the Aire and Calder Navigation as the main route ; 
the Lancashire canals running westward to the 
Mersey, with the Leeds and Liverpool Canal as the 
main route ; the canals joining Liverpool with the 
Midlands, including the Weaver Navigation and the 





Trent and Mersey and Shropshire Union Canals ; 
the River Severn and its connections; the iver 
Thames and its connections; and the Birmingham 
Canal with its connections in the Midlands. The 
groups, he added, would eventually each be managed 
by a trust, and the several trusts would probably 
require to form a clearing house, or joint standing 
committee, to facilitate through running on the 
various systems. The committee consider that the 
Trent Navigation system should first be taken 
in hand, this, in their opinion, presenting the most 
favourable field for experimental advance. Improve- 
ments are, in fact, now being carried out by the 
Corporation of Nottingham in co-operation with the 
Trent Navigation Company and with assistance 
from the State under an unemployment relief 
scheme. In conclusion, the author remarked that 
he considered it highly desirable that the efficacy 
of the policy should be demonstrated at the earliest 
possible moment. 

The reading of the paper was followed by a 
discussion which occupied well over 2 hours, and in 
which 10 speakers took part. The demands upon 
our space preclude the possibility of dealing with 
this fully, so that we must content ourselves with 
giving a brief indication of its general character. 
The majority of the speakers expressed genera] 
approval of the policy outlined in the paper, 
suggesting modifications in its application in some 
cases, but Sir W. M. Acworth, on the other hand, 
said he saw no prospect of an adequate financial 
return from canals. There might, he said, be 
indirect returns to the community owing to the 
introduction of new trade, but this would be equally 
true if goods were carried by road or rail. Even if 
economy could be shown for canal transport on the 
Continent, it must be remembered that conditions 
were very different in this country. The bulk of 
the Continental water traffic was carried on rivers, 
and if the traffic so carried were subtracted from the 
total, the remainder would form a very small pro- 
portion of the railway goods traffic. The speaker 
regarded the 100-ton unit suggested for canals as 
small, and mentioned that, in practice, the average 
load would be about 60 tons, or less than half the 
average load of a goods train. The latter, he added, 
had the advantage that it could be divided up, and 
the various trucks despatched to different factories 
without unloading. 

A drawback to canals referred to by another 
speaker was that they could only in comparatively 
few cases reach the actual destination of the goods, 
although this speaker agreed that road transport, 
as suggested in the paper, would reduce this 
difficulty. Another speaker thought the number 
of groups might be reduced by bringing the 
Birmingham Canal into the River Severn group, 
and also thought existing canals should be im- 
proved so that the ordinary barges could be loaded 
to their full capacity; the size of the locks, he 
added, should also be increased. Several speakers 
referred to the effect of labour conditions on 
canal traffic and suggested that the unemployed 
should be utilised in connection with canal im- 
provements, but one at least pointed out that it 
might be profitable at the present time to give 
more attention to the production of goods than 
to the means of transporting them. 

In his reply, the author stated that whilst he 
regarded artificial canals as feeders, the natural 
waterway would demonstrate what was possible 
with water transport in this country. To the 
suggestion that existing canals should be improved 
he replied that, if the proposals of the committee 
were carried out, this would certainly be done. 
He pointed out, however, that ordinary small 
barges could not be used in a seaway, and it was 
desirable that as far as possible cargoes should be 
taken direct from a ship to their destination without 
transhipment ; for this purpose larger boats were 
necessary. On the subject of State aid, the speaker 
said he thought a good case for it had been made 
out, although it was not absolutely essential ; 
progress, however, would be more rapid with such 
assistance. In the course of his reply to the objec- 
tions raised by Sir W. M. Acworth, the speaker 
said the only way in which progress could be made 
was to try the experiment that had been suggested, 
which would not be a very costly matter. It was 
quite unfair, he added, to compare a 100-ton barge 








May 26, 1922.] 


ENGINEERING. 





651 





with a whole train; the barge should be compared 
with a railway truck. Trains of barges were, in 
fact, employed in many cases, and on the Aire and 
Calder Canal as many as eight 100-ton barges were 
towed along together. In conclusion, he remarked 
that the Continental nations considered it worth 
while to develop their inland waterways and, after 
all, there might be something in it. 


THURSDAY'S VISITS. 


During Thursday afternoon visits were paid 
to the Chiswick Works of the London General 
Omnibus Company, and the Lots Road Power 
Station of the Underground Railways. Another 
party inspecting Waterloo Station went by 
special train to see the marshalling yard of the 
London and South Western Railway Company at 
Feltham. A third party were taken to view the 
aviation works of Messrs. Vickers, Limited, at 
Weybridge. 

THe AnnuaL DINNER. 


The third annual dinner of the Institute was held 
in the Savoy Hotel on Thursday, May 18, the guests 
being received by the President, Sir Henry Maybury, 
K.C.M.G., C.B., previously. The assembly num- 
bered about 350, many distinguished visitors being 
present. After the loyal toast, the health of the 
Institute of Transport and the transport industry 
was proposed by the Home Secretary, the Right 
Hon. Edward Shortt, K.C., M.P., and was re- 
sponded to by the President. The health of the 
Guests was proposed by Mr. Arthur Watson, C.B.E., 
general manager of the London and North Western 
Railway. Mr. Arthur Neal, Parliamentary Secre- 
tary to the Ministry of Transport, and Mr. D. A. 
Van Heyst, member of the Dutch Road Commission, 
responded. 


Foreign Rattway PRACTICE. 


Under the chairmanship of Sir Sam Fay, members 
assembled in the Reading Room of the Institution 
of Civil Engineers on Friday morning last to discuss 
two papers, the first of which was contributed by 
M. J. Carlier, assistant professor of railways at 
Liége University. The title of this paper was 
“Foreign Railway Practice (New Features in 
Railway Traction Methods).” The author was 
unfortunately not able to be present to read it in 
person. We think the paper can be fairly sum- 
marised as being a contention that electric traction is 
the most economical system for railways when water 
power is available, but that when power has to be 
produced from coal the development of the steam 
locomotive along more economical lines is likely 
to prove a better solution of the traction problem 
than electrification of the railways. The power 
required for electric trains was given as 39-3 watt- 
hours per ton-kilometre pulled for passenger trains 
and 24-8 for goods trains, these figures having 
been noted on the Avery-Harlowton section of the 
Chicago-Milwaukee and St. Paul Railroad in 1918. 
On the same railroad tests carried out in 1910 
showed that the average coal consumption per 
horse-power hour at the rim of the driving wheels 
was 3-67 kg. This figure referred to useful work 
only, the coal burnt at the depot, that used in 
raising steam, and that burn! on descents and during 
stops not being taken into account. Including coal 
used for these purposes, however, the total con- 
sumption of fuel amounted to 4-62 kg. per horse- 
power hour at the rim of the driving wheels. From 
these and other tests, it was considered by the 
American Consulting Electrical Engineers that a 
figure of 5-1 kg. per horse-power hour at the rim 
of the wheels was a fair average for steam traction. 
With modern locomotives, the author considered 
that 4 kg. of coal would be sufficient, and he further 
calculated that if the steam locomotives were 
replaced by electric traction and current supplied 
from super-power stations, Great Britain, France 
and Belgium would save from 50 per cent. to 66 per 
cent. of the coal now used on locomotives. The cost 
of effecting the change would, however, be so great 
that the railways, or at any rate the Belgian railways 
could not afford it. In the case of the Great 
Eastern Railway Company, it was stated that the 
electrification scheme contemplated, involved about 
10,000,000/. Bearing in mind that the present 
capitalisation of the company was about 60,000,0001. 
it was to be doubted whether the saving of coal and 


bring, could possibly produce a return on such a 
huge additional capital. The position might be 
modified when costs of electrification could be 
reduced. 

The author then proceeded to review very briefly 
the attempts which had been made, or which were 
in progress, to improve the efficiency of independent 
locomotive engines. The “ Heilmann ” locomotive 
tried on the Western Railway of France in 1898 
was not successful “‘ because it worked with exhaust 
steam engines.” About 1908 the North British 
Locomotive Company designed and built a “ Reid- 
Ramsay ” locomotive, which was an improved form 
of the Heilmann. This, it was stated, was un- 
successful on account of the ineffectiveness of the 
condensing plant. The Ramsay turbo-electric loco- 
motive, which is shortly to be tried on the Man- 
chester Blackpool line was expected to require only 
about one-half the coal necessary for an ordinary 
locomotive. This machine has a turbine driving 
a three-phase alternator, which supplies current 
to four slip-ring motors geared to the driving wheels. 
A brief specification of this locomotive, of which the 
author thinks highly, was given. The Escher-Wyss 
turbine locomotive, which has both ahead and 
reverse turbines, is described as, although much 
simpler than, the Ramsay, “not to be compared 
with same so far as the condensing plant and 
economy are concerned.” The author went on to 
say: ‘In Norway, a Lungstown turbine locomotive 
is under construction,” but he gives no further 
details. This is probably a reference to the 
Ljungstrém turbine locomotive, which was com- 
pleted last year in Sweden, and is now being experi- 
mented with on the Swedish State Railways. We 
have in preparation, and shall shortly publish, 
full drawings and tests of this remarkable machine. 
A turbine locomotive has also been built in Italy 
by the “ Officine Meccaniche,”’ but the results so far 
are said not to be very encouraging. The Société 
Cockerill, in Belgium, are constructing a condensing 
triple-expansion piston locomotive, the high and 
intermediate pressure cylinders being located at 
the sides of the fire-box and driving forward on to 
three coupled axles, and the two low-pressure 
cylinders being at the sides of the front part of the 
tender, and driving back on to three coupled tender 
axles. The condenser appears to be of the evapora- 
tive type, carried in the tender. 

With regard to internal-combustion locomotives, 
Professor Carlier mentioned that Sulzer Brothers 
built before the war two of such machines, which 
did good service on the German railways, and the 
same firm are now building others of similar type. 
These contain a four-cylinder Diesel engine of 
1,600 h.p., and weigh 95 tons each. The weight 
per horse-power amounts to 59-5 kg., as compared 
with 62 kg. for the Pacific class on the Belgian State 
Railways. The difficulty with the Diesel-Sulzer 
locomotive is to start the engine, and the author 
adumbrates the possibility of using a third rail as 
a common bus-bar for all locomotives, so that any 
excess of energy available from one locomotive 
might be utilised by others on the track. Reference 
was also made to the eight-cylinder, 175-b.h.p. 
petrol-electric vehicles on the Minneapolis, St. Paul, 
Rochester and Dubuque Railway. Other systems 
mentioned were the “ Pieper” in Belgium and 
France, the “ Strang”’ in the States, the “Sulzer” 
in Switzerland, and the “‘ Westinghouse ” in Austria. 

The paper did not give rise to any very lengthy 
discussion. Mr. Roger T. Smith pointed out that 
very large power stations could be built at the 
present time in Great Britain for exactly the same 
cost per kilowatt capacity as before the war. The 
reason for this was the increased size of the units 
now employed and their greater efficiency. The 
thermal efficiency of ordinary locomotives was only 
about 6_per cent., whereas that of a large station 
was about three times as great. If locomotive 
efficiency could be increased from 6 per cent. to 
8 per cent. the country would save 3,000,000/. a year 
in coal. It was unfortunate that the author had 
taken the Chicago, Milwaukee and St. Paul Railroad 
for an example, as the conditions under which it 
operated were unique. The electrification of the 
Italian lines had saved that country 50,000,000 lire 
in coal during 1920, when coal cost 300 lire a ton. 





Even were coal only to cost 50 lire a ton electrifica- 


the increase of traffic which electrification might | 





tion would still pay the Italians. The indirect 
savings due to electrification in this country would 
be great. An electric locomotive could be at work 
23 hours out of the 24 and keep on doing it for 
weeks. You could therefore replace two steam 
locomotives by one electric locomotive to do the 
same work, and as the latter cost much less than the 
two steam locomotives, money might be saved by 
the change. If the only expense of electrification 
was the cost of the power-house, it was possible to 
make very handsome savings in certain cases of 
mineral traffic. Mr. Kelway Bamber referred to the 
extent to which British transportation was handi- 
capped by conservatism in the matter of small 
wagons and terminal facilities. The chairman 
mentioned that recently an American statistician 
had come to ask him, on behalf of the United States 
Government, for certain figures which would eluci- 
date the position in which British railways found 
themselves as the result of war conditions. He had 
inquired of his visitor, what basis of comparison 
he had found to be the fairest and most practical 
to apply between railways. The answer was that 
there was no better basis than the cost of burning 
a ton of coal on each system. By this test it was 
interesting to note that the Chicago, Milwaukee 
and St. Paul Railway, which had been referred to, 
came out near the bottom of the list, a result due 
to their heavy capital expenditure. In matters of 
short-haul traffic, the Americans were learning 
from us at present. In Hungary a railway company 
operating 300 miles of line had abandoned steam 
locomotives for petrol-electric locomotives and had 
turned a deficit into a profit by so doing. These 
petrol-electric engines were built by the Austrian 
Westinghouse Company, and the speaker had ordered 
a nominally similar engine from the British West- 
inghouse Company. It was still running, but the 
operating and maintenance charges were so heavy 
that the result was unsatisfactory. The trouble 
with steam locomotives was, to use an Irishism, 
the cost of operating them when they were not being 
operated, and this was where electricity scored. 
However, the steam locbmotive was not yet super- 
seded, though, of course, in time it might be. 


Sarety GN RaILways. 


After a vote of thanks to Professor Carlier had 
been passed, the meeting turned to the consideration 
of Colonel J. W. Pringle’s paper, entitled “‘ Safety 
in Railway Operation.” This was read in extenso 
by the author. It was a particularly interesting 
contribution, containing much statistical matter 
concerning railway accidents, together with analysis 
and comments. We publish an abstract of the 
paper on page 665, so that we need not further refer 
to it here. 

The question of the use of continuous brakes 
on goods trains gave rise to a decided difference of 
opinion, some speakers bringing evidence to show 
that the making up of such trains was quite 
impossible within any reasonable time and others 
demonstrating equally convincingly that there was 
no difficulty at all in the matter. The point seems 
to turn on the provision of automatic couplings, 
and, indeed, this was expressly stated by Colonel 
Pringle in his reply. One speaker rather objected to 
the author’s use of percentages in his paper, con- 
tending that when one considered the aggregate 
number of accidents of a certain kind, rather than 
the percentage of the total, a much better concep- 
tion was obtained. There were, for example, about 
15,000 accidents a year, of which, taking Colonel 
Pringle’s percentages, 3,000 were mechanical acci- 
dents, and from 750 to 800 of these were classed as 
unpreventable. These figures were disquieting, 
and pointed to the desirability of discovering 
improved methods of examining and testing 
materials. Another speaker criticised the per- 
centage method from another point of view. When 
one heard that 85 per cent. of accidents were due 
to the failures of the human agent, it sounded 
alarming. But a locomotive passed a signal 
150,000,000 times a year in Great Britain, and 
three men were concerned in each event, Never- 
theless the failure of the human element only 
caused 396 accidents out of these millions of possi- 
bilities. There were, moreover, 10 mechanical 
operations required for every train to pass a signal, 
yet there were only 96 accidents due to mechanical 
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failure. Reference was made to the improved 
method of fog-signalling by means of electric lamps 
introduced on the District Railway. A fairly high- 
power lamp with prismatic lens gave a glare of light 
as a signal to the driver. Detonators had been 
entirely done away with and the drivers greatly 
appreciated the change. Another safety provision 
introduced on the Underground was the interlocking 
of the brake system and the controllers. No driver 
could start his train unless he had an air pressure 
of 60 Ib. per square inch available for braking. 
An improved and quicker method of cutting off the 
current in case of emergency had been adopted in 
the London tubes. The 60 miles of these tubes are 
threaded with a pair of bare conductors, at any point 
of which a telephone can be attached by a driver 
who wants to speak to a sub-station. Formerly 
the driver attached his telephone and asked for the 
current to be cut off, but now he merely pinched the 
wires together with his fingers. This lit a coloured 
lamp, corresponding to the particular section, in the 
sub-station, and also sounded a siren or bell which 
constituted an imperative order to the attendant 
to render that section dead instantly. The driver 
might then telephone if he had anything to say, 
but not before. Two surprise tests were made every 
week to see that the apparatus was in order and to 
keep the men alert. The average time which 
elapsed between the signal and the current being cut 
off was from 20 seconds to 25 seconds, but it was 
hoped that this would be reduced to 10 seconds, 

In summing up the discussion, the chairman 
said that automatic signalling paid, and paid well, in 
his experience. He knew of no case in which a 
monetary saving had not been effected by the 
change, and this sometimes amounted to 20 per 
cent. Fast goods trains were running with con- 
tinuous brakes to-day in England, and it was to 
be hoped that eventually their use might become 
universal, but this possibility was not yet in sight. 
The grouping of the British railways into fewer and 
larger organisations would facilitate the carrying 
out of large changes in methods and equipment. 
If the public desired safety appliances, they would 
have them, whatever the cost. Parliament was so 
sensitive to public opinion, that if a series of acci- 
dents were to occur which would have been pre- 
ventible by automatic signalling, there was no doubt 
that this would be enforced very quickly. 


HIGHWAY FINANCE. 


The paper on the programme for the morning 
session of Friday, the 19th inst., in the Lecture 
Theatre, was one by Mr. Dixon H. Davies, entitled 
“The Finance of the Modern Highway—a Problem 
anda Solution.” In this paper the author points out 
that for the conveyance of goods between Liverpool 
and Manchester by rail, from 2d. to 3d. is paid per ton 
mile for the provision, upkeep and renewal of the 
line, whereas for goods transported by motor lorry, 
less than }d. per ton-mile is paid in respect of the 
provision, upkeep and renewal of the roads, although 
the costs for the latter are about twice as great as 
for the former. The difference, he says, has been 
accounted for partly by allowing the provisions for 
roads to run into arrears and partly by heavy 
expenditure met out of rates. The author com- 
pares the present situation with that which existed 
at the time that wheeled vehicles were replacing 
pack horses, stating that the problem at that time 
had two aspects, viz., physical and administrative 
and financial. The former, he says, was solved by 
the efforts of such men as Telford and Macadam, 
and the latter by the turnpike system in which 
road users had to pay in proportion to the use they 
made of the roads. The syst »m, he says, was satis- 
factory until the conditions were entirely altered 
by the advent of railways. At the present time, 
to equip the country with a system of motor roads, 
the author says, would, entail a capital expenditure 
of 500,000,000/., and an annual expenditure of about 
65,000,0001., which would be required in addition 
to the revenue from rates, the latter only sufficing 
for the upkeep of other unclassified roads. The 
problem was how to raise the capital and annual 
revenue, and assuming them to be forthcoming, 
how and by whom the routes for their expenditure 
were to be selected and ranked for priority of execu- 
tion. The author submits that the only sound 
method of raising the money is to make a direct 





charge on the traffic itself, the charge being, of course, 
ultimately passed on to the consumers of the com- 
modities transported. To equate the position 
between road and rail transport, the author states 
that a motor lorry, which now pays an annual tax 
of 301., should be charged about 3601., and if this 
were done, the 65,000,000/. required annually, as 
above mentioned, would be forthcoming. A petrol 
tax would, of course, be fairer in the case of vehicles 
not kept in regular operation, and vehicles using 
other fuels would have to be charged at a rate pro- 
portional to that which the petrol tax would impose 
on vehicles using that fuel. The author suggests 
the use of plateways as a possible means of reducing 
road maintenance costs under certain conditions. In 
connection with highways administration, the 
author’s suggestion is that the country should be 
divided into 10 areas, and that a highways board 
should be created for each area to take over the 
classified roads, the boards being co-ordinated under 
the central authority of the Ministry of Transport. 
The boards would be provided with a revenue 
derived from vehicular taxation and a rate, the latter 
being raised either through the existing rates or by 
a special transport rate in recognition of the incre- 
ment which transport facilities contribute to land 
values. The boards would have power to raise 
capital by the hypothecation of revenues in the 
same way that a port trust or water board operates. 

After the author had summarised his paper, 
the chairman, Sir Henry P. Maybury, invited 
Mr. H. H. Gordon to open the discussion, and this 
speaker strongly opposed both the author’s method 
of presenting the problem and his suggested solution. 
The speaker regarded it as a communal function 
to provide such highways as were necessary for the 
normal traffic of the period, and pointed out that 
mechanical transport benefited the community by 
increasing the capacity of the highways. It was 
unsound, he said, to penalise those persons who were 
enterprising enough to employ mechanical transport, 
and he also remarked that it was incorrect to divide 
the community into the two classes of ratepayers 
and consumers of commodities, as all consumers 
were ratepayers, and vice versa. The majority of 
the speakers, however, appeared to be in general 
agreement with the author’s view that it was unjust 
to charge the consignor with the whole cost of 
carriage by rail and at the same time to expect the 
ratepayers, including the railway companies, to 
bear a considerable part of the cost of road transport. 
As might be expected, some difference of opinion 
existed as to the method by which mechanical 
transport should be charged for road costs. All 
agreed, of course, that it was impossible to return 
to any form of turnpike system, some speakers 
advocating that sealed mileage recorders should be 
affixed to motor vehicles as a basis of taxation, while 
others preferred the application of a petrol tax. 
No useful suggestion as to the method of dealing 
with vehicles using solid fuel was forthcoming 
from the advocates of the petrol tax. 

In general it was admitted that the present 
system imposed an unfair burden on the ratepayers, 
and Lord Montagu of Beaulieu, who took part in the 
discussion, expressed the view that it was not just 
for the land to bear more than the cost of con- 
structing and maintaining roads sufficient for its own 
requirements. Other speakers thought the present 
situation was entirely abnormal and was due to 
the high costs existing at the moment, in con- 
junction with the heavy arrears allowed to accumu- 
late during the war period. The chairman, Sir 
Henry P. Maybury, for instance, said he was 
optimistic that, as costs came down, a reduction in 
rates might be anticipated, together with a general 
improvement in the roads. He also remarked that 
machinery existed for redressing most of the existing 
grievances, and added that rates had been reduced 
by Government grants in many cases, instances 
of which he cited. In any case, he said, the’present 
time was not appropriate for imposing further 
taxation. 

In the course of his reply, which had necessarily 
to be rather curtailed owing to the lateness of the 
hour, the author expressed appreciation of the atten- 
tion given to his paper, and said he thought it had 
done good in ventilating public opinion. Quoting 
from the history of the turnpikes given in his paper, 
the author remarked that the system was an in- 





stance of private enterprise coming to the relief 
of communal enterprise which had broken down. 
People, however, still advocated communist prin- 
ciples, the record of which was strewn with failures 
and disasters. As to the suggestions made by 
some speakers that alternative methods of trans- 
port were desirable to check and keep down railway 
rates, the author remarked that this was impractic- 
able, since the more the railways were impoverished, 
the more the rates would have to be increased. 
He agreed that a certain amount of the cost of 
the roads should be recovered from owners of land, 
and to another point raised in the discussion, viz., 
that roads have no capital account, the speaker 
replied that he thought they should have such an 
account, and that an enormous saving would be 
effected if that alteration could be secured. Some 
speakers, more competent than himself, the author 
concluded, had expressed optimistic views as to the 
future, and he hoped those views would be justified. 
It would be wise, however, to set about the problem 
in a broad way with a sufficient view to the capital 
outlook. 

At the conclusion of Mr. Davies’ remarks, the 
chairman proposed a number of votes of thanks 
to those who had contributed to the success of the 
congress, including the president and Council of the 
Institution of Civil Engineers, the Lord Mayor and 
Sheriffs of London, the Ladies’ Committee, the 
authors of papers, the firms who had placed their 
works at the disposal of the Institute for visits and 
excursions, and the officers of the Institute. These 
votes were passed with acclamation, and after Mr. 
H. E. Blain had briefly replied for the officers, the 
proceedings terminated. 

Fripay’s VIsITs. 

The places of interest visited by the delegates 
on Friday included the Greenwich Generating 
Station and the Charlton tramcar repair sheds of 
the London County Council; the Great Western 
Railway works at Reading; and the London 
Terminal Aerodrome. 

Heavy SuBuRBAN PassENGER SERVICES. 

The final meeting of the Congress was held at 
5 p.m. on the 19th inst., at the Royal Society of 
Arts, when a lecture was given by Mr. F. V. Russell 
on “The Operation of Heavy Suburban Passenger 
Services on a Steam Railway, with particular. 
reference to Density of Service, Terminal and 
Other Facilities.” This lecture, which was addressed 
in the main to the students and graduates of the 
Institute, covered its subject in very considerable 
detail, and it is not possible that we should do more 
than indicate its contents in a very brief way. Mr. 
Russell began by pointing out some of the qualifica- 
tions which electric traction possesses for the type 
of service he was considering, and pointed out that 
although many of these were not available with 
steam traction others which were more commonly 
used with electric traction could be applied. These 
included such matters as power signalling, auto- 
matic signals, &c. Much could also be done by 
improving methods which were common to all 
steam railways, and by improving the details of ter- 
minal facilities and paying close attention to train 
schedules and train movements, while it was probable 
that on most steam suburban services an increase 
in the number of trains at rush periods of from 
25 to 50 per cent. could be obtained. As was 
generally known, remarkable progress has been 
made on the Great Eastern Railway by close 
attention to the details of the steam suburban 
service and the saving of seconds where seconds 
could be saved. This has resulted in an increase 
in some cases of 75 per cent. in the number of 
trains at the busy periods. A large part of Mr. 
Russell’s paper concerned itself with a description 
of these detail methods, and it should certainly be 
of very great value to all railway students. 

The Congress concluded with a series of visits 
on Saturday the 20th inst. These included an 
early morning visit to Liverpool-street Station to 
inspect the steam suburban traffic with which Mr. 
Russell’s paper was concerned. Visits were later 
in the day paid to Messrs. Dennis Bros.’ works at 
Guildford, the Stonebridge Park power station of 
the London and North-Western Railway, and to 
see a pulverised fuel burning locomotive on the 
Great Central Railway. 
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ELECTRIC CRANES AT THE SWISS FEDERAL RAILWAY SHOPS AT BELLINZONA. 


CONSTRUCTED BY ATELIERS DE CONSTRUCTION OERLIKON, OERLIKON, SWITZERLAND. 
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THE necessity for handling heavy electric loco- 
motives, such as are used on the St. Gotthard line, has 
led to the adoption, at the locomotive repair shops of 
the Swiss Federal Railway at Bellinzona, of a design 
of crane equipment that presents several interesting 
and unusual features. The equipment consists of two 
80-ton electric travelling cranes so arranged that they 
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can be operated in conjunction with each other. These | 
cranes, which were supplied by the Ateliers de Con- 
struction Oerlikon, of Oerlikon, Switzerland, repre- 
sented in this country by Messrs. Oerlikon, Limited, | 
of 34-35, Norfolk-street, Strand, London, are capable 
together of lifting a complete locomotive. 

Each crane has two 40-ton main crabs, and in 
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addition one 5-ton auxiliary crab, and in view of the 
great precision required in the movement of cranes when 
erecting and dismantling locomotives, the Ward- 
Leonard method of control has been adopted for the 
main crabs and the travelling motors. In this way a 
very fine regulation of speed is possible, and smooth 
starting and stopping, with any load, is possible. 
The two main crabs of each crane are fitted with similar 
motors running at the same speed; they are jointly 
operated, a single controller being used for both crabs 
in the case of both the hoisting and traversing motions. 
The cranes themselves can also be moved simultaneously, 
as the speed of the traversing motors is the same for 
both cranes. The joint operation of both crabs of 
each crane is necessary when dealing with complete 
locomotives ; when, however, the weight of the parts 


'to be handled does not exceed 40 tons, one crab can 


be cut out. The 5-ton auxiliary crabs are operated 
by means of alternating-current motors running off 
the three-phase supply ; they are intended for lighter 
lifts, and have higher hoisting and traversing speeds. 
The main crane carriages are built of lattice girders, 
and, as will be seen from Figs. 1 and 2, above, two 
passages or galleries are carried the full length on 
each side. One of these is used for the 5-ton auxiliary 
crab, while the other carries the equipment for the 
travelling motion and the balancer set for the Ward- 
Leonard control. Both galleries are covered over by 
a platform; the one over the auxiliary crab can be 
raised along its whole length in order to ensure easy 
access to the crab at any point of the runway. The 
wheel-box girders on each side of the main carriage 
are provided with three wheels, as can be seen in Fig. 2. 
The girders are built in two parts, which can pivot 
about the middle wheel; a good distribution of load 
between the three wheels is thus ensured, even when the 
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rails are not level. The travelling motor is a shunt- 
wound direct-current machine having an output of 
50 h.p. and a speed of 1,450 r.p.m.; it receives its 
current from the balancer set. The motor drives the 
crane by means of worm gear, shafting, pinion and gear 
wheel. With a load of 20 tons the maximum speed 
is 245 ft. per minute; under full load conditions, 
however, the speed is only 50 ft. per minute, and 
a fine speed regulation can be obtained. The crane 
is fitted with an automatic brake actuated by an 
electromagnet, by means of which it can be rapidly 
broyght to a standstill. Gear is also provided for hand 
traversing when necessary. As soon as this gear is 
brought into play a switch automatically opens the 
motor circuit. 

The driver’s cab is arranged at one end of the crane, 
as can be seen in Fig. 1. Its equipment comprises the 
controllers for the travelling motion, for the hoisting 
and traversing motions of both main crabs, and for the 
traversing motion of the auxiliary crab; it is also 
provided with a shunt regulator for the exciter of the 
balancer set, and with a direct-current and an alter- 
nating-current switch panel. The controller for the 
hoisting motion of the auxiliary crab is mounted above 
the driver’s cab, and is operated by means of a hand 
wheel and spindle. A view of the cab is given in Fig. 4, 
on page 653. Each main crab consists of an iron 
frame carried by four wheels; it is fitted with a 
4-2 h.p. shunt motor running at 1,450 r.p.m., which 
drives on to two wheels of the crab by means of worm 
gear, pinion and gear wheel. The maximum speed 
of each crab at full load is 50 ft. per minute ; this speed 
can be reduced, at will, in the case of any load. The 
motor receives its current from the balancer set. The 
crabs are fitted with an automatic brake actuated by an 
electromagnet, by means of which they can be stopped 
in the shortest time. Gear for hand operation of the 
crab from the platform is also provided, as in the case 
of the travelling motion of the crane; the motor circuit 
is opened automatically when this gear comes into 
play. Limit switches, fitted at either end of the crane, 
cause the crabs to stop automatically should they pass 
a certain point ; another limit switch arranged between 
the two crabs preventing them from colliding. The load 
is carried by a steel cable, { in. in diameter, arranged 
with eight-fold suspension, the factor of safety for the 
40-ton load being 7. The cable is wound on two drums, 
which are driven by a 26 h.p. shunt motor, running at 
1,450 r.p.m., through worm gear and gear wheel. The 
maximum lifting speed of the crane, when dealing with 
full load, is 6 ft. per minute. In order to prevent 
the load from falling, in the event of failure of current, 
the lifting gear is fitted with a brake solenoid. The 
equipment of the main crabs further comprises limit 
switches corresponding to the highest and lowest 
positions of the hook, as well as gear for hand operation 
with a switch for automatically opening the motor 
circuit, when the latter gear is used. 

The auxiliary 5-ton crab is controlled in the usual 
way, the motors being run off the 380-volt, 50-cycle, 
three-phase supply. The cable carrying the load has 
a diameter of $ in. and is arranged with four-fold 
suspension ; this gives a factor of safety of 8 for the 
5-ton load. The motor for the hoisting motion has an 
output of 11 h.p. and a speed of 1,430 r.p.m.; the lift- 
ing speed of the hook is 23 ft. per minute. A 1-8-h.p., 
three-phase motor running at 1,360 r.p.m. is provided 
for the traversing motion, the traversing speed of crab 
being 130 ft. per minute. In all other respects the 
auxiliary crab is similar in design to the main crabs ; 
limit switches for the hoisting and traversing motion, 
as well as gear for hand operation are provided; the 
latter gear is, however, in the case of the auxiliary 
crab, operated from the floor level by means of a chain. 
Three-phase brake motors are used for the operation 
of the automatic brakes. 

The direct current for the motors for the travelling 
motion of the crane, and for the hoisting and traversing 
motions of the main crabs, is supplied by the balancer 
set referred to before. This set comprises a three- 
phase motor driving three direct-current generators 
and an exciter; the speed is set at 1,450 r.p.m. The 
motor is connected to the 380-volt 50-cycle supply ; 
it is provided with a centrifugal starter and runs con- 
tinuously as long as the crane is in service. As regards 
the three direct-current generators, one is for the 
travelling motor, while the other two are for the 
hoisting motors and the traversirg motors of the main 
crabs respectively. When the two main crabs are 
operated jointly, their respective motors are connected 
in parallel. The exciter is wound for 220 volts; it is 
permanently connected to the brake solenoids as well 
as to the field windings of the direct-current generators 
and the direct-current crane motors. The excitation 
of the direct-current generators can be regulated at 
will by means of controllers. The direct-current 
generators are connected direct to the crane motors 
with which they are working ; the speed of the motors 
is therefore dependent upon the pressure of generator 
which can be varied from 0 volt to 440 volts by means 
of the generator controller; the speed of the motor is 





thus independent of the load. With the above mode 
of control a very fine regulation of speed can be 
obtained, a further advantage residing in the fact that 
only small currents have to be dealt with in the con- 
trollers. 

The direct-current panel in the driver’s cab is fitted 
with an ammeter for each direct-current generator 
and for the exciter, and with a voltmeter for the latter 
machine ; the equipment further includes a switch for 
cutting out either crab when required. Automatic 
circuit-breakers are provided, in the case of the travel- 
ling motor and for the hoisting and traversing motors 
of the main crab, for closing down any individual motor 
when the current flowing through it exceeds a certain 
value or the limit switch operates. These circuit 
breakers, when released, open the excitation circuit 
of the corresponding direct-current generators, thus 
bringing the motors to a standstill. There is also 
another automatic circuit-breaker that interrupts the 
excitation of all the direct-current generators and brake 
solenoids in the event of excessive current in the 
exciter or of failure of pressure on the A.C. side. The 
equipment of the A.C. panel comprises, in addition to 
the fuses, one switch for the auxiliary crab, one volt- 
meter for the supply circuit, one ammeter for the three- 
phase motor of the balancer set, and one ammeter for 
the auxiliary crab. Two automatic circuit-breakers are 
also provided, one for the motor of the balancer set 
and the other for the circuit of the auxiliary crab ; 
the former is fitted with overload and no-volt release, 
while the latter, which opens the circuit of the 
auxiliary crab when the limit switches of hoisting and 
traversing motor come into play, has no overload 
trip. Furthermore, the whole installation can be 
closed down by means of a main switch. 

The method of suspension used when lifting a com- 
plete locomotive is clearly shown in Fig. 3 on page 653. 
As will be seen, the weight is carried at four points 
and is evenly distributed between the two cranes. 
The locomotive which is being handled in the case 
shown weighs about 128 tons. 





THE INSTITUTION OF ELECTRICAL ENGINEERS: THE 
Farapay Mepau.—At the general meeting of the 
Institution of Electrical Engineers, held on Thursday, 
May 18, the president announced that the council had 
decided to commemorate the Jubilee of the foundation 
of the society by instituting a bronze medal, to be known 
as the Faraday medal. An award would be made not 
oftener than once a year in recognition of eminent work 
connected with the study or application of electricity, 
and would be open to men of ai nationalities, whether 
or no members of the Institution of Electrical Engineers. 
Mr. Oliver Heaviside, F.R.S., was to be the first recipient, 
in recognition of his notable contributions to electrical 
theory. 


WIRELESS PoOSITION-FINDING FOR ArtRcRraAFrT.—Since 
October of last year a wireless ‘ position-finding” 
system has been under trial to enable air pilots to ascer- 
tain their position when flying on the cross-Channel 
airways. This system has, on several occasions, proved 
to be of particular advantage in adverse weather con- 
ditions, and has been introduced as a regular feature of 
the civil aviation wireless service. It is afurther develop- 
ment of wireless direction-finding which, during the 
past two years has proved of such great value to air 
navigation. Until last October direction-finding work 
was carried out only by the Civil Aviation Wireless 
Station at the London air port of Croydon, and was 
limited to giving a pilot his compass bearing from that 
station. The direction-finding station at Pulham Airship 
Base, Norfolk, has been successfully operated as the 
second station of the system during the past six months, 
thus enabling two bearings to be taken simultaneously 
=e a single aircraft, and its position determined by 
plotting the bearings upon a chart, the point of inter- 
section giving the aircrafts position. Direct inter- 
communication between Croydon and Pulham is effected 
by radio-telephony, and the pilot can be informed of his 
position with a high degree of accuracy under normal 
conditions. The radius of action for giving position is 
approximately 200 miles from the control station, which 
in this case is Croydon. Although primarily designed 
for radio-telephony, the system is equally adaptable for 
radio-telegraphy ; the change-over being carried into 
effect by a simple switch in a few seconds. The position 
can normally be given within 2 minutes. Similar 
facilities can be afforded from Croydon to aircraft engaged 
on inland flights and services. Several instances have 
already occurred in cases of fog and storm where pilots 
have been informed of their position and enabled to 
reach their aerodromes in safety. The most noteworthy 
occasion was in February last when an aeroplane flying 
over the airway between Paris and London, was navi- 
gated entirely by wireless, the pilot seeing the ground 
only on one occasion for a few minutes. Pilots and 
navigators have been strongly urged in a “ Notice 
to Airmen”’ which has just been issued explaining the 
working of the system, to make a practice of utilising 
on every flight this important aid to navigation as the 
experience gained in the use of position-finding in good 
weather when pilots should be able to check the accuracy 
of the positions, will add to their confidence and pro- 
carey in using the system when flying in bad weather. 
It is therefore hoped that they will take full advantage 
of the opportunity thus offered of increasing the security 
of air navigation. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Firm measures taken with extremist 
malcontents have had a beneficial reflex on steel and 
engineering production. Considerable numbers of 
employees whose absence from work was due to sheer 
terrorism have now returned; departments have been 
reopened and work is proceeding satisfactorily on delayed 
contracts. Inraw fad semi-finished materials, quotations 
are again unchanged, but as export requirements are on 
the increase, and as larger deliveries to steel works are 
only deferred by the labour situation, the tendency of 
— is upward, and contractors are taking a much 

eener interest in forward buying. Business in steel 
alloys is less depressed, owing to a stronger inquiry for 
ferro-tungsten and a sudden spurt of activity in ferro- 
silicon. Factories producing the latter alloy are in some 
eases booked forward for two or three months. In 
common steels Australia and India are taking an in- 
creasing share of Sheffield’s output, and South Africa and 
Japan are purchasing considerable tonnages of ‘‘ semis.” 
Local manufacturers of railway material are exerting 
every effort to persuade the Indian Government to 
change its decision respecting the purchase of contract 
supplies in the cheapest market. Already important 
contracts which would have provided work for several 
idle departments have gone to the United States, Germany 
and Sweden, and Sheffield manufacturers are alarmed 
at the possibility of losing the bulk of this work, which 
pre-war was placed locally. Home railways are sending 
in some useful contracts, and the outlook in connection 
with foreign electrification schemes is considered 
promising. There is an improved Colonial inquiry for 
mining machinery. Messrs. Davy Brothers, Limited, 
are to supply the Clipstone Colliery of the Bolsover 
Colliery Company with six Lancashire boilers, and are to 
make eight stills for a large oil corporation. Automobile 
engineers are taking a bigger tonnage of special forgings 
and castings, and there are signs of revived business 
with Lincolnshire makers of agricultural machinery. 
Merchants and retailers are experiencing a run on rollers 
for gardens, tennis courts, and bowling greens. Makers 
of files, saws and edge tools report a marked increase in 
both home and foreign inquiries. South America offers 
the possibility of big business if extended credits can be 
given. 

South Yorkshire Coal Trade.—T he more hopeful outlook 
in the labour world is reflected in increased deliveries of 
best steams to home industrial concerns. Shipments 
are consistently on the up grade, and railway com- 
panies are taking heavy deliveries for stocking purposes. 
On the other hand, cobbles and nuts are uniformly weak, 
and there is a big floating surplus of smalls. Business in 
house coal has slumped following the heat wave. In 
the coke market the major demand is for foundry sorts. 
There is little activity in either melting coke or gas coke. 
Quotations :—Best branch handpicked, 388. to 39s. ; 
Barnsley best Silkstone, 348. to 36s.; Derbyshire best 
brights, 32s. 6d. to 34s8.; Derbyshire best house, 26s. to 
28s.; Derbyshire best large nuts, 24s. to 26s.; Derby- 
shire small nuts, 16s. to 18s.; Yorkshire hards, 238. to 
24s.; Derbyshire hards, 21s. to 23s.; rough slacks, 
108. to 128.; nutty slacks, 7s. 6d. to 8s. 6d.; smalls, 
28. to 48. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron continues very quiet, but the output of the five 
furnaces blowing on that commodity is absorbed. Home 
demand is poor, and sales to Scotland have all but 
ceased, but overseas trade is fairly good. The odd sales 
that occur to customers North of the Tweed are still 
based on 96s. 8d. f.o.t. Grangemouth. All other transac- 
tions for despatch to destinations at home or abroad 
are on the usual terms of f.o.t. makers’ works, or f.o.b. 
Tees, and quotations stand: No. | and siliceous iron, 
95s.; No. 3 G.M.B., 90s.; No. 4 foundry, 87s. 6d. ; 
No. 4 forge, 85s.; and mottled and white, 80s. 

Hematite——Damping down of two furnaces at the 
Thornaby Ironworks of Messrs. Whitwell and Co. has 
reduced the quantity of East Coast hematite available 
for disposal, but supply is still very ample. Home 
demand has narrowed down to small proportions. 
Buying for local consumption is on a very limited scale, 
and suspension of deliveries to certain districts has 
thrown extra iron on the market. These events, how- 
ever, are largely compensated for by better and 
apparently steadily increasing foreign trade. Germany 
continues the best customer, but negotiations with other 
Continental countries are reported. Nos. 1, 2 and 3 
are obtainable at 96s. for home use, and 95s. for export, 
but some makers still ask a shilling above these figures. 


Foreign Ore.—New orders for foreign ore are almost 
unobtainable, and dealings are confined to occasional 
sales of odd cargoes, but unloadings this month are on an 
exceptionally heavy scale, and sellers must be overtaking 
rather rapidly their arrears of deliveries. Best rubio 
is on sale at 27s. c.i.f. Tees, and 238. 6d. c.i.f. Tees 1s 
asked for good Mediterranean ores. 

Coke.—The coke position is a little easier, but Durham 
average blast-furnace kind commands 27s. 6d. delivered. 
Sellers will not entertain offers at below that figure 
for early supplies, and some firms continue to quote 28s. 

Manufactured Iron and Steel.—The various branches 
of the finished iron and steel industries are extremely 

uiet. Orders are scarce, and manufacturers find it 
ifficult to keep even a small proportion of plant in 
operation. Just a slightly better inquiry for railway 
material from abroad is noticeable. Producers are less 





disposed to cut prices for export trade, but orders for 
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abroad can still be placed at below the following rates, 
which rule for home business:—Common iron bars, 
121. ; iron rivets, 14/.; steel billets (soft), 7/. 10s. ; steel 
billets (medium), 8/. 5s.; steel billets (hard), 87. 15s. ; 
steel ship, bridge and tank plates, 10/. 10s. ; steel angles, 
10/. ; steel joists, 101. 10s. ; heavy sections of steel rails, 
9l. 108.; fishplates, 147. 10s.; galvanised corrugated 
sheets (24-in. gauge in bundles), 15/. 15s.; and black 
sheets, 121. 


Railway Rates Reductions.—The fall in railway rates 
is very welcome, but appears to be insufficient to admit 
of reduction in iron and steel quotations. Most manu- 
facturers have been running works at a loss, and the con- 
cessions in carriage of raw material are declared to fall 
short of rectifying the situation. It is calculated that 
the cheaper charges for carrying raw material to the 
blast furnaces means less than a saving of ls. 6d. per 
ton on the cost of making Cleveland pig-iron, and the 
lower railway rates, it is estimated, will cheapen pro- 
duction of steel by little more than 5s. per ton. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

The Trade Outlook.—The general trade of the country 
has not got much, if any, better lately, although there 
is certainly a more optimistic undertone. The labour 
disputes which have upset things for some time are still 
part of our daily life, and until employers and their 
workers can reach some reasonable understanding no 
improvement in the state of trade can be looked for. 
In the case of the engineers it is confidently expected 
that by the end of this week the negotiations which are 
again being arranged may bring forth an agreement. It 
is general knowledge that the actual workers are sick of 
their enforced idleness, and if the leaders don’t come 
to terms very soon now, the men will endeavour to do 
something themselves, which will not be to the liking 
of the leaders. 


Scottish Steel Trade.—In the steel trade of Scotland 
no improvement of any kind is yet discernible, and the 
rolling mills are moving very slowly. No change in 
the conditions can be expected until the present labour 
troubles are settled, and although, during the past two 
months disappointment has followed all efforts to bring 
about an agreement, there seems to be a good possibility 
now of arriving at a way out of theimpasse. With that, 
an improvement in general business would assuredly 
follow. Orders at the present time are very scarce, and 
inquiries, which are fair, are not resulting in much fresh 
business yet. Neither ship and boiler plates, nor sections 
are going out in other than very small lots, as consumers 
have not only little use for them meantime, but are not 
inclined to lay in any stock for fear of an early fall in 
prices. At the moment, however, there is no talk of 
quotations easing any further. In the case of black 
sheets there has been a falling away in demand, and 
inquiries are not so plantiful as they were recently. 
On the export side there is less doing, although signs 
are not wanting that some improvement in that direction 
may be looked for in the near future. There are indica- 
tions that Continental makers are once again sounding 
the market here in the hope of reopening business 
relations, but so far little more has been done. Should 
this competition commence again, home makers will 
be forced to reconsider their quotations, but for the 
present prices are without change. 


Malleable Iron Trade.—In the malleable iron works 
in the West of Scotland quietness is still the prevailing 
feature, and buyers show little inclination to enter into 
commitments, with the result that work is only being 
carried on intermittently. Consumers are not in a 
position to take in supplies owing to the absence of 
demand from their own customers, and until the general 
trade position improves this state is likely to continue. 
The prices keep steady, and ‘‘crown’’ bars are still 
called 111. per ton delivered at Glasgow stations. 


Scottish Pig-Iron Trade.—Movement in the Scottish 
pig-iron trade is still miserably small, and the current 
demand is not only poor but shows no sign of expansion. 
Foreign inquiries are better, but the results of these are 
not just as satisfactory as producers would like, and 
orders are difficult to arrange. Prices show little change, 
and the following may be taken as present quotations :— 
Scottish hematite iron, 5/. 5s. per ton, delivered at the 
steel works ; No. 1 foundry iron, 4/. 17s. 6d. per ton, 
and No. 3 foundry iron, 4/. 12s. 6d. per ton, both on 
trucks at makers’ yards. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Twelve months ago the question of 
American coal being imported into Great Britain was a 
subject of live interest in view of the colliery strike 
then prevailing. To-day coal operators are seriously 
considering the possibility of British coal being sent to 
the United States. It is reported that there is an inquiry 
for 100,000 tons of Welsh coal for shipment to the States 
over June, July and August, while there are also several 
inquiries for single cargoes. At first a good deal of 
significance was attached to these inquiries, but now the 
general opinion is that they are in the nature of “‘ feelers’”’ 
as to at what prices British coal could be secured 
in the United States should the necessity for importing 
arise. At any rate, colliery owners and exporters are 
not expecting much actual business from the inquiries. 
They recognise that unless the United States strike is 
much more prolonged the probability of Welsh coal being 
sent to the States in large quantities is remote. This 
view is borne out by the fact that although there are 
several inquiries for tonnage to load for New York, 
Boston or Montreal, there is not one definite order in 





the market. Meanwhile the general inquiry for coal 
has appreciably slackened, and at the moment the outlook 
is none too bright. Foreign consumers, it is stated, are 
holding off, anticipating a fall in values. At the same 
time prices generally are about 6d. lower, for best 
Admiralty large can now be secured direct from colliery 
salesmen at 28s., Monmouthshires from 26s, to 27s. 6d., 
best steam smalls 18s. 6d. to 19s., and Monmouthshire 
smalls round 17s. 6d. Foreign cargo exports of coal 
from South Wales last week amounted to 500,925 tons, 
or about 52,000 tons less than in the previous week. 
Of the total, 105,000 tons went to South America, 
120,000 tons to France, 71,500 tons to Italy, 26,000 tons 
to Portugal, 67,000 tons to British coaling depots and 
68,000 tons to other countries. 


Dry Dock Workers’ Wages Reduced.—Skilled and semi- 
skilled time workers in the South Wales ship-repairing 
yards have accepted a reduction of 17s. 6d. per week 
in their war wage which is to become operative in four 
instalments. This reduction makes a total drop in 
their wages of 28s. per week in eight months, and com- 
pletely wipes out the war wage. The first reduction of 
5s. per week is to operate from the pay week com- 
mencing June | next, the second of 5s. from July 6, the 
third of 4s. 6d. from August 3, and the fourth of 3s. per 
week from September 7. After this the existing base 
rate for skilled time-working trades shall be 65s. per 
week of 47 hours and for semi-skilled 49s. to 65s. 
week of 47 hours, such rates to be stabilised for a period 
of twelve months to September 7, 1923. When the full 
effect of these reductions become operative the wages 
of platers’ helpers for a full week’s employment will be 
31. 58. ; for painters and riggers, 2/. lls. ; and for fitters’ 
helpers and yardmen, 2/. 9s. 





ENGINEERING AT THE British Emprre EXH#IBITION, 
1924.—The British Engineers’ Association has been 
entrusted with the task of organising the Shipbuilding, 
Marine, Mechanical and General Engineering Section 
of the British Empire Exhibition to be held in London 
in 1924. The work of organising this important section 
and allotting space therein will be controlled by a Special 
Committee composed of the president and council of the 
association, and a number of independent representatives 
of engineering industry. Within the limits of the space 
available—about 238,000 sq. ft.—every effort will be 
exerted to make the engineering exhibits representative 
of all that is best in modern British practice. Full 

articulars, plans and forms of application for space will 
e available for issue at an early dane. Inquiries should be 
addressed to D. A. Bremner, Director, the British 
Engineers’ Association, 32, Victoria-street, London, 
W. 1. 


THE JuNIoR INSTITUTION OF ENGINEERS.—On the 
18th inst., a dinner was held at the Café Monico to 
celebrate the thirty-eighth anniversary of the foundation 
of this Institution. Amongst the guests were Dr. H. 8. 
Hele-Shaw, president of the Institution of Mechanical 
Engineers (who proposed the toast of the ‘“‘ Juniors ’’), 
Dr. W. H. Eccles and Mr. W. B. Worthington, president 
of the Institution of Civil Engineers. The president of 
the “‘ Juniors,’’ Mr. C. H. Wordingham, in response to the 
toast of ‘‘ Electrical Engineering,’ proposed by Dr. Eccles 
insisted upon the necessity of a good grounding in 
engineering principles which would be of service to 
young engineers in any branch of the profession they 
might take up; he also wished his listeners to keep an 
eye on the various branches of science for ideas which 
might be applied to their own work. To this end he 
suggested that the various societies which publish 
Journals or Proceedings should combine to publish such 
a@ magazine as would contain the cream of all the progress 
in science and their own societies’ papers. 


Tue Errect oF AGE on [Ron AnD Sreert.—In his 
presidential address to the Manchester Steam Users’ 
Association, Mr. H. Lee stated that the question as to 
whether wrought iron and steel deteriorate with time had 
long been a moot point. Unquestionably some steels 
deteriorated very rapidly, as was demonstrated by 
Mr. Stromeyer some years ago, but these steels were of 
bad qualities, chiefly Bessemer and Basic steels. Experi- 
mentally no deterioration had been detected with 
open-hearth steels. The Board of Trade reports on 
boiler explosions threw no light on the ageing of iron 
plates, for in all those explosions where fair estimates 
could be made as to the probable bursting pressures, 
the plates had corroded down to a thickness of } in. or 
less, and estimates were unreliable. It had, therefore, 
always been the wish of the Manchester Steam Users’ 
Association to settle this question, and some years ago 
the River Weaver Navigation allowed them to test one 
of their old boilers. The result was inconclusive, as the 
shell gave way at a place where it had been patched. 
Recently Messrs. Pilkington Brothers had offered one 
of their old boilers. This was subjected to a hydraulic 

ressure of 155 lb., at which it burst. The Metropolitan 
Water Board also offered one of their discarded old 
boilers. This was tested by hydraulic pressure to 114 Ib. 
per square inch, when the furnace colla It was 
pro) to plate over the furnace ends and to continue 
the test till the shell bursts. It was also intended to 
make a number of tensile tests of the material in the 
hope of ascertaining whether the iron had deteriorated 
with age. At these tests the association had had the 
cordial assistance of Professor Gibson and Mr. Mason, 
of Manchester University, and Professor Cook, of King’s 
College, London, who arranged for several of their 
students to take the readings of a large number of 
measuring instruments attached to the boilers. 





NOTICES OF MEETINGS. 


Tue Junior Institution oF EnGinerers.—Friday, 
May 26, at 8 p.m., at Caxton Hall. Lecturette, “‘ En- 
gineering Appointments and how to Get Them,” by 
Mr. J. Cameron Rennie. Thursday, June 1, in the 
Lecture Theatre of the Institution of Electrical Engineers, 
Savoy-place, Victoria Embankment, W.C. 2. Special 
Meeting. Fourth Quadrennial Gustave Canet Lecture, 
entitled ‘‘The Railway Act, 1921,” by the Right Hon. 
Sir Eric Geddes, G.C.B., G.B.E. 


Tue InstirvTe oF Metats: Norra-East Coast 
Locat Srection.—Friday, May 26, at 7.30 p.m., in the 
Electrical Engineering Theatre, Newcastle-on-Tyne. 
First General Meeting. Paper by Mr. O. Smalley and 
Mr. 8. G. Homfray, on “Some Problems in a Brass 
Foundry.” 


Tue Surveyors’ Instrrvtion.—Monday, May 29, 
the Annual General Meeting will be held in the Lecture 
Hall of the Institution, when the Annual Report of the 
Council will be read, and the prizes won in the recent 
examination presented. The chair will be taken at 5 p.m. 


Tue Royat Society or Arts.—Wednesday, May 31, 
at 3 p.m., “‘The Problem of Provincial Galleries and 
Art Museums, with Special Reference to Manchester,’’ by 





per} Mr. Lawrence Haward, M.A., Curator of the City Art 


Gallery, Manchester. Sir Charles John Holmes, Director 
of the National Gallery, will preside. 


Tue Royat InstiTuTIon oF Great Britatn.—Friday, 
June 2, at 9 p.m., a discourse will be delivered by the 
Hon. Maurice Baring, O.B.E. The subject is ‘‘ Gilbert 
and Sullivan’’ (with musical illustrations). Afternoon 
Lectures, at 3 p.m.: Tuesday, May 30, Sir Percy Sykes, 
K.C.1.E., C.B., C.M.G., on “ (I) Twenty-Five ee 
Travel in Persia’? ; Thursday, June 1, The Very Rev. 
William Ralph Inge, D.D., on “Theocracy. (II) The 
Medieval Idea’; Saturday, June 3, Sir Hugh Allen, 
M.A., Mus.Doc., on “‘ Early Keyboard Music’’ (Lecture 
II). (Musical illustrations by Mr. Harold Samuel.) 





Tue Institution oF Gas EnGrinerers.—The annual 
meeting of the Institution of Gas Engineers, is to be held 
at the Institution of Electrical Engineers, Victoria 
Embankment on Tuesday, Wednesday and Thursday, 
June 20, 21 and 22. The proceedings will open each 
day at 10 a.m. 


Tue Instirution oF Extecrrican Enorveers.—The 
result of the ballot for the election of officers and new 
members of council for 1922-23 is as follows: President, 
Mr. F. Gill; vice-presidents, Dr. W. H. Eccles, F.R.S., 
Mr. A. A. Campbell Swinton, F.R.S.; honorary 
treasurer, Sir James Devonshire, K.B.E.; ordinary 
members of council, Mr. J. W. Beauchamp, Mr. R. A. 
Chattock, Mr. F. W. Crawter, Mr. D. N. Dunlop, Major 
K. Edgeumbe, Mr. A. F. Harmer, Mr. W. R. Rawlings. 


Dock DEVELOPMENT AT LIVERPOOL.—Important 
modifications are to be made at the Gladstone Docks, 
Liverpool, by means of which vessels using the No. 1 
and No. 2 docks will be able to enter the Gladstone 
Graving Dock directly without having to pass out into 
the river. The changes will, moreover, facilitate the 
expansion of the dock system to the north. The cost is 
estimated at 408,569/. and the work is expected to take 
two years to complete. These docks were described in 
detail in our issue of July 4, 1913, page 4. 


PersonaL.—The London office of the Hoffmann 
Manufacturing Company, Limited, has been removed 
from 59, New Oxford-street, to 8, Bedford-square, 
W.C. 1. The telephone number and telegraphic address 
remain as before, viz., 529, Museum and Hoffmannly, 
Westcent.—Mr. Max R. Lawrence, who is well-known in 
connection with the motor industry, and has been associ- 
ated with Messrs. Lanchester, Wolseley and Vickers, has 
been appointed manager of the Dagenham works of the 
Sterling Telephone and Electric Company, Limited. We 
understand the factory is very busy in connection with 
wireless telegraphy equipment. 


Tue Institution or Mrixinc’ EnGIneers.—The 
seventy-seventh general meeting of the Institution 
of Mining Engineers will be held at Sheffield, by invita- 
tion of the President and Council of the Midland Institute 
of Mining, Civil and Mechanical Engineers, on Tuesday, 
Wednesday and Thursday, June 20, 21 and 22, 1922, 
at the Cutler’s Hall, by kind permission of the Master 
Cutler. It is expected that the following papers will be 
read or taken as read and submitted for discussion : 
(1) “The Air-Cooling Plant at the Morro Velho Mine, 
Brazil,” by Mr. Eric Davies (Member); (2) ‘ Stainless 
Steels,” by Mr. W. H. Hatfield (read before the Midland 
Institute meeting on April 8, 1922); (3) ‘‘ Methods of 
Working the Barnsley Seam of the South Yorkshire 
Coalfield,” by Mr. H. Rhodes (Member), and Mr. M. 
Rhodes (Member); (4) “‘ Rock Temperatures in the 
Coal Measures,” by Mr. J. Ivon Graham (Associate 
Member) ; (5) ‘‘ The Absorption of Carbon Monoxide by 
the Blood. under Varying Conditions of -Work,” by 
Mr. Alfred P. Veale (Member). Arrangements are 
being made for visiting works, rch tories 
and Collieries on the afternoons of Tuesday and Wednes- 
day and on Thursday. The social arrangements wil! 
probably include a dinner on Tuesday tg | and a 





reception and dance on Wednesday evening. Ladies will 
be invited to the social functions and some of the visits. 
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THE INTERNATIONAL EXCHANGE OF 
RAILWAY DATA. 

THERE can be only one opinion about the advant- 
ages of the most full and free interchange of know- 
ledge and views between men engaged in railway 
work, for commercial secrets, such as manufacturing 
companies might wish to guard, have no place in 
their industry. The safety of the public, the cheap- 
ness of transportation and the prosperity of innu- 
merable shareholders are all enhanced by the dis- 
coveries of one being available for the benefit of 
all. As the railway industry is world wide, any 
kind of clearing-house for information must be 
international, although if it is to be on a permanent 
basis, some particular country must be chosen as 
the seat of its organisation. Brussels was selected 
as the home of the International Railway Associa- 
tion which was called into being for the purposes 
we have indicated above, as the outcome of a meet- 
ing of railwaymen from all countries invited to that 
city to celebrate the jubilee of the Belgian railways 
in 1885, and to discuss matters of mutual interest. 
The Association publishes a monthly bulletin deal- 
ing with the investigations of its members and with 
railway matters generally, but its chief function is 
the organisation of periodical congresses such as 
that which has recently been held at Rome. 

Now that this is over it is permissible to look 
back at it and endeavour to appraise its work. 
It was attended by some 625 delegates, according 
to the published list of those actually present, but 
including the officials and the ladies of the party 
it is probable that something like 1,300 people were 
present at some of the functions. The delegates 
represented about nineteen different governments, 
and between two and three hundred different rail- 
way administrations. The five sections into which 
the congress was divided considered fifty-nine reports 
dealing with twenty different questions, some of the 
reports being practically treatises in themselves and 
aggregating as a total an immense volume of 
literature. It cannot be said that the conclusions 
arrived at were of a very startling nature, indeed as 
M. Corné said at the general meeting at Rome, 
“votes must concentrate on rather wide resolu- 
tions, capable of being adopted without exciting 





much opposition from plenary assemblies where 
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every opinion is represented.” The question of 
railway electrification is a case in point. There are 
several systems of electrification in satisfactory 











g| operation on a large scale. The eminent engineers 


respectively responsible for them could not be 
expected to endorse any resolution which would 
tend to stultify their own work and discredit them- 
selves by proclaiming that anybody else’s system 
was superior. Hence the congress was, from the 
nature of things, debarred from pronouncing a 
verdict on contentious points, and had to limit 
itself to registering approval of matters about 
which there could hardly be difference of opinion. 

In saying this we do not for a moment intend to 
suggest that the holding of a congress is not justified 
by the results. An international discussion of a 
carefully prepared report on any particular subject 
can only be productive of good, but the real value 
of the congress to railwaymen lies in what takes 
place outside, rather than within the four walls 
of the conference rooms. These congresses form 
meeting grounds for railway engineers and officials 
from all parts of the inhabited world, where each 
can meet the experts in his particular line and 
exchange, in a friendly and informal way, opinions 
on matters of mutual interest. Whether anything 
of this kind could be arranged around the nucleus of 
a series of formal debates is extremely improbable, 
so that even from this point of view only the official 
discussions are an essential part of a successful 
congress. But that they are not regarded of 
primary importance, at any rate so far as the Inter- 
national Railway Congresses are concerned, is shown 
by the fact that the invitations extended to the 
representatives of the technical press to be present, 
did not at first permit them to attend the discus- 
sions, but only to hear the final and uninspiring 
resolutions confirmed at the general meetings. 
This attitude on the part of the permanent com- 
mission was somewhat relaxed at the instance of the 
British representatives, but no facilities were given 
for an adequate report to be made. 

At all such congresses the language problem is a 
very real one, and much more so in a public debate 
than when two or more members of different 
nationalities meet informally to discuss something 
that interests them. In the latter case there is 
little difficulty in an understanding being arrived 
at, but the percentage of all the congress arguments 
of a technical nature which were understood by 
everyone in the audience must be very small. 
French, Italian and English speeches were inter- 
mixed, each being usually translated into one or 
both of the other languages, either by the speaker 
or by an official interpreter. This was very well, 
so far as it went, but when a speech lasting a quarter 
of an hour is summarised in a few minutes, it is 
difficult to believe that something has not been 
left out. Moreover much that passed for English 
was not always easy for an Englishman to follow, 
and no doubt it was the same with other languages. 

Owing no doubt to the nature of its origin, the 
official language of the association is French. 
It is expressly stipulated in the regulations that the 
discussions shall be conducted in French or in the 
language of the country in which the congress is 
held, and that speeches in any other language shall 
be translated into French. The monthly bulletin 
of the association is issued in both English and 
French editions, and at Rome the daily journal 
supplied to delegates was printed in French, Italian 
and English editions. The latter, however, was 
noticeably inferior to the French copy both in the 
quantity and the quality of its contents, and many 
English delegates consequently were driven to make 
use of the French edition. If French had any claim 
to be the technical or commercial language of the 
world, one would not question the comparative 
subordination to which the English language is 
officially relegated, but we do not think that any 
such claim could be made. In connection with 
railway matters, the English speaking interests are 
unquestionably predominant. The railway was 
an English invention and English-speaking engineers 
are mainly responsible for its world-wide develop- 
ment and for the innumerable technical improve- 
ments which have brought railway work to its 
present excellence. 

If one considers the mileage of track in the United 
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States, Canada, India, South Africa, Australia and 
New Zealand, not to mention the United Kingdom, 
which is built, maintained and operated by English 
speaking men, and compares this with the relatively 
insignificant mileage where French is the national 
language, the contrast is extraordinary. In a Con- 
gress properly representative of railways, whether 
on a basis of mileage, traffic or capital expenditure, 
there can be no doubt that the English language 
would be the most convenient for the interchange of 
opinions, and this superiority is one which is bound 
to increase as the far places of the world are deve- 
lo 


ped. 

That the English-speaking element of the Asso- 
ciation is apparently rather losing than improving 
the position which the importance of British, 
Colonial and American railways warrants, is shown 
by the new resolution, incorporated in the revised 
constitution adopted at Rome, that henceforth the 
president and chief vice-president shall always be 
Belgians. It is true that heretofore they have 
always been of that nationality, and it may also be 
contended that the practice of electing Belgians to 
these positions may have a certain justification in 
the fact that the headquarters of the Association are 
in Brussels. But to lay it down definitely by legis- 
lation that railway men of no other nation shall be 
eligible for the two highest positions in the Associa- 
tion is somewhat gratuitous and is hardly justifiable 
by any pre-eminence which Belgians hold either in 
railway practice, or in powers of organisation. Both 
these features are more characteristic of the Anglo- 
Saxon communities than of foreign nations, yet the 
representatives of the former are now specifically 
debarred from the highest offices. 

Regarding the recent Congress, a word of praise 
is due to the Italian Government, and to the 
Italian committees for the arrangements made for 
the comfort and entertainment of the delegates. 
Without the foresight shown in regard to hotel 
accommodation in Rome, the visitors would have 
experienced a good deal of trouble, for the Congress 
coincided with the normal Easter crowding of the 
city, and even such as could have secured accom- 
modation for themselves would have been at the 
mercy of the hotel keepers as regards price. The 
banquet given to the delegates at the Baths of 
Diocletian was a masterpiece of organisation, some 
1,300 guests being served, with the same speed 
and facility as in a good hotel dining room. 
Equally high praise perhaps could not be given to 
the manner in which some of the other arrangements 
were carried out, but considering the size of the party 
and the number of nationalities and languages 
involved, allowance should in justice be made for 
the difficulties of the situation. 





ADEQUATE PLANNING FOR MASS 
PRODUCTION. 

ComPLExity of design of machinery is much easier 
to evolve than simplicity, which gives equivalent 
results yet wins more easy admiration. A multi- 
tude of parts impresses the mind, for one realises 
that, to be satisfactory, each required careful 
thought by itself and in relation to the others ; 
while the same result produced simply, when that 
can be arranged, is apt te appear so obvious that it is 
passed with little notice being taken. It takes 
many years, as a rule, to arrive at simplicity, 
and the tendency towards it, though practically 
universal, is often obscured and countered by 
another: that is, increasing the scope or functions 
of a machine and so adding complication. Every 
designer knows that once the basic idea is decided 
upon and the first rough plans) prepared it is com- 
paratively easy to make the first simplifications ; 
but afterwards the process becomes increasingly 
difficult and the limit is soon reached, for ordinary 
work to be made in small quantities, when further 
revision must be deferred indefinitely and the design 
accepted as final for a period. 

With mass production the conditions are radically 
different. Here, simplicity should be carried much 
further: it must be if solid success is to be attained. 
Possibly one of the reasons why we in this country 
have not, in some branches of manufacture, been as 
successful as we might be lies in this omission. We 
have thought that production in large quantities 
would suffice for too much, and adapted our designs 
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too little. When makings cores of an article, to 
trim off the sharp corners or retap a few holes by 
hand is a small matter; but when scores become 
thousands, these, and similar small items, must be 
provided for in the design and process lay-outs to 
eliminate the hand work ; chamfers or radii must be 
specified definitely, and the depth of tapped holes 
carefully considered. If these must be reckoned, 
how much more necessary is it to consider larger 
and more important details in a similar manner. 

Three years ago mass production was the vogue, 
but since then some manufactures are definitely 
advertised, to imply their superiority, as not mass 
produced. It is claimed that the non-mass pro- 
duction has its adjustments more perfect, its fits 
more nearly ideal. Yet these are largely a matter 
of tolerances. If fixed with care and accurate 
knowledge, not only of shop practice, but of the 
psychology of gauging (a factor which is generally 
forgotten or ignored), it is cheaper to mass produce 
with fine tolerances than in the ordinary way with 
wider ones. And a certain amount of selection 
in assembly is not expensive; it will not largely 
affect the costs though it will tend to further 
improvement. 

But to produce work really cheaply with fine 
tolerances the methods and tools must be thoroughly 
right in principle and construction ; they must have 
had great care and accurate knowledge expended on 
them. Evidently, then, mass production is not just 
multiplication and brute force ; it requires a great 
expenditure of brains first of all, and brains do not, 
cannot, work quickly on a complex manufacturing 
proposition. Now when plant or a building is 
purchased one has something tangible for one’s 
money. It remains an asset with a market value. 
Any business man recognises that. But he does 
not so readily ascribe the proper value to brain 
energy which must be spent before any attempt at 
mass production can be profitable. It is not 
difficult to cite an instance ; one has only to consider 
the several attempts made within the last few years 
at the mass production of motor cars. In more than 
one case it was found that not only had design been 
inadequately considered from a manufacturing 
view-point, but large quantities were made and 
assembled before it was discovered that the design 
was a failure because it was inefficient or had such 
defects that sales could scarcely be hoped for until 
it was modified. 

With business in this mood, regardless of any- 
thing except output immediately, no preparations 
could be made for enduring success. Buildings and 
machinery were quickly available, but the time 
was not given for brains to develop simple excellence 
of design, and consequently, as is obvious to every- 
body now, many failures were inevitable from the 
moment the venture was launched. Trade depres- 
sion has played a part, of course; but a healthy, 
soundly thought-out undertaking generally manages 
to survive, whereas the forced, unhealthy, hot- 
house type itself depresses trade by involving many 
others in its own failure. 





THE STRUCTURE OF ORGANIC 
CRYSTALS. 


Tue X-ray study of a structure of organic crystals 
looks very tempting, because chemists succeed in 
preparing derivatives, apparently of the same 
constitution as the original substance, in great 
varieties. But these organic compounds are also 
much more complex than the inorganic crystals 
first studied. Discoursing upon ‘“ The Structure 
of Organic Crystals,” at the Royal Institution last 
Friday, Sir William Bragg pointed out, that in simple 
dipolar compounds such as rocksalt, NaCl, we had 
each positive sodium ion surrounded by six negative 
chlorine ions, and vice versd. In fluorspar CaF, 
similarly each Ca was surrounded by eight F, and 
each F by four Ca. Any molecular structure would 
be lost in these cases; the X-ray study indicated 
merely the relative positions of the atoms or ions. 
In the case of ice, crystallised water H,O, we 
assumed that the hydrogens had given up their 
electrons to the oxygen; there must be 2 H to 
every O, but the structure of ice was much more 
open than that of fluorspar, and Sir William’s model 
distinctly suggested the hexagonal character and 





angles of 60 deg. we observed in snow crystals. 
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Even in organic compounds of the simple kind 
of benzene C,H,, however, we had to deal with 
12 atoms in a molecule, and the study appeared 
hopeless unless we regarded that molecule as one 
structural element or group which, in accord with 
chemical theory, would be retained in the derivatives. 
The benzene molecule was believed to form a ring 
or hexagon, each corner of which was occupied by 
one CH group. Benzene itself did not crystallise 
and was hence unsuitable for X-ray study. In 
naphthalene C,,H, two hexagons were united having 
one side in common, in anthracene C,,H,, a third 
ring was similarly added, and those substances 
gave solid crystals. In naphthalene oxide naphthol, 
one H was replaced by OH, but we had no idea in 
the first instance which one; to simplify matters 
Sir William regarded the naphthol molecule merely 
as a naphthalene molecule to which one oxygen 
atom was attached. 

Goniometric measurements of the crystals, their 
optical properties and density, &c., combined with 
X-ray examination, which alone gave us quantita- 
tive estimates of the actual dimensions and the 
distances between the planes, in which the atoms 
were arranged, enabled us to arrive at a model of 
the probable unit cell which, by continuous repe- 
tition, had to make up the whole crystal. That 
could sometimes be done in various ways. From 
the density and the molecular weight we could 
further deduce the number of molecules per unit cell, 
which, so far as known at present—these studies 
of Sir William are quite recent—seemed to be mostly 
two or four. Now the unit cell of anthracene 
turned out to be monoclinic, that of anthracene also 
monoclinic, and the two cells were almost exactly 
equal as to two axes and the angles, but the anthra- 
cene cell was longer by the width of one hexagon. 
The unit cell of a-naphthol was again similar ; 
that of its isomer 8-naphthol contained only one 
molecule. 

It would be useless to attempt to describe the 
numerous models, all on the scale of 100,000,000 
to 1, by means of which Sir William explained 
his views; it is difficult to grasp the molecular 
grouping even when one is looking at these 
models. One feature|upon which Sir William 
dwelt is the bonding between the carbon atoms. 
In the hard diamond the carbon atoms are so 
arranged in a tetrahedron that one carbon occupies 
the centre of gravity of the four carbons about it. 
If we combined several of these tetrahedrons in a 
model, we easily saw the hexagon grouping; and 
if we raised the one layer of atoms to an increased 
distance from the layer below it and turned it, 
moreover, in its own plane, we had a model of 
graphite, and could understand why graphite may 
be scaly and a lubricant, though diamond is the 
hardest substance known. 





THE ROYAL SOCIETY SOIREE. 
(Concluded from page 630.) 

In completing our notice of the exhibits of the 
Royal Society Soirée, held on May 17, we may 
first mention the apparatus for Recording the 
Regularity of Threads, designed by Dr. A. E. 
Oxley and exhibited by the British Cotton In- 
dustry Research Association, of Didsbury. This 
apparatus determines the hardness, i.e., the re- 
sistance to compression, and thus the evenness, of 
yarn in a continuous, more rapid and more satis- 
factory way than can be done by inspection of the 
yarn, wound on a black surface, or by tensile tests. 
The actual visual diameter of a yarn is a rather 
indefinite quantity owing to stray fibres. Irregulari- 
ties of size are inherent in the roving, and hard 
twists may further be forced into the yarn by the 
method of spinning; the determination of this 
method is of importance in the textile industry. In 
Dr. Oxley’s apparatus the yarn is drawn through a 
gap between two case-hardened shoes; the lower 
shoe is a steel cylinder, the upper shoe, of sector 
shape, is attached to the lower end of the plunger 
of an indicator, by which 0-0001 in. can be read off. 
The shoes smooth out the stray fibres, and the indi- 
cator measures the apparent diameter of the yarn 
which depends upon the hardness of the twist and 
the fibre concentration and regularity. The varia- 
tions are recorded photographically by means of 





two mirrors; a small concave mirror is deflected 
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as the plunger rises and falls and sends a beam of 
light (coming from a Nernst lamp) to a larger plane 
mirror fixed to the frame of the apparatus in 
front of the camera slit. The magnification of the 
actual apparatus exhibited was 20,000, that is, 
very considerably higher than the best microscopes 
would admit of, even with oil immersion. 

The Radiotelegraphic Records, displayed by 
Mr. A. A. Campbell Swinton, F.R.S., were of various 
kinds and dates. Some string galvanometer 
records, with the galvanometer directly in the aerial 
circuit, were obtained at Copenhagen in 1910 with 
Poulsen arc signals sent from Tralee in Ireland ; 
most of the other records were obtained in London, 
with the aid of manometric flames, siphon pen and 
Morse inkers, and finally with valves and Creed 
perforated tapes and Roman type printers. 

The Western Electric Company showed a Tele- 
phone Transmission Measuring Set, giving direct 
visual, not aural, readings of the transmission loss 
in miles of standard cable. The instruments are 
portable, though the boxes are rather large. In the 
voice-frequency oscillator of the set the thermoionic 
valve gives frequencies from 200 up to 3,000 cycles 
per second; in the ultra-audio oscillator the fre- 
quency can be raised, in steps of 100 cycles, up to 
50,000 cycles. A uniform wave output is secured 
by means of electric filters of inductances and 
condensers which eliminate the upper harmonics. 

Several departments of the National Physical 
Laboratory were represented. The Precision Bridge 
for Platinum Thermometry, shown by Messrs. 
W. F. Higgins and F. H. Schofield, is due to Mr. F. E. 
Smith, late of the Laboratory. The bridge is 
intended for thermometers having two potential 
and two current leads ; one of the leads is shunted 
as in a Kelvin double bridge, the other is in the 
galvanometer circuit, and the last two are so 
inserted in the variable arms of the bridge that the 
resistances of the two variable arms are about 100 
times that of the thermometer; hence brush con- 
tacts are admissible without appreciable sacrifice 
of precision. Differences of 1 per cent. in the 
resistances of the thermometer leads do not affect 
the readings, and the steps on the lowest dial corre- 
spond to 0-001 deg. C. 

The Rotascope of Dr. E. H. Rayner is an instru- 
ment by means of which an object such as the end 
of a rotating shaft is made to appear stationary 
while remaining continuously visible, without the use 
of intermittent flashes of light. The principal of 
the one form of the apparatus exhibited is illus- 
trated in Fig. 6, in which three mirrors (or one 
prism, no lenses) are used, the system forming a 
kind of rotating eyepiece through which the observer 
viewed the end of a horizontal shaft running at 
2,000 r.p.m. A letter was marked on that end. 
With the system rotating about the axis AB of 
Fig. 6, the object would appear to rotate twice as 
fast as the optical system ; when, hence, this system 
was kept at half the speed, the object appeared at 
rest. The rotation can be obtained with the aid of a 
2:1 gearing. This simple method seems valuable 
for observing rotations, for synchronising, phase- 
swingings for torsional and vibrational measure- 
ments, and for torque meters. As an auxiliary 
to this device Dr. Rayner also showed a model 
illustrating simple harmonic motion when time 
j8 measured in polar co-ordinates. 

The apparatus for determining the Thermal 
Conductivity of Slabs, 1? in. in diameter, of in- 
sulating materials, rocks, &c., from 1 mil to 0-1 in. 
thick, exhibited by Dr. Ezer Griffiths, also of the 
Laboratory, was of the type of his hotplate apparatus 
previously mentioned by us. The surfaces of the 
hot plate and the copper blocks (the cold plates), 
between which the hot plate and specimen are 
placed, are accurately planed and amalgamated, 
and the contact resistance at the amalgamated 
surface is determined by independent tests with 
steel plates. 

Dr. Griffiths’ Valve for Ventilation Control is to 
allow circulation of the ventilating air until the 
chamber is hotter than the supply pipe, and to close 
the pipe when it is itself at higher temperature. 
The device is a differential thermometer consisting 
of two air bulbs, the one connected by a flexible pipe 
to the left upper extremity of a ring-shaped mercury 
container, the other to the right extremity; the 





container is an incomplete circle and may be made 
of glass or of grooved ebonite. When the mercury 
is lowered, say, on the left hand side, and raised on 
the right, the container turns about its horizontal 
axis, and with its spindle turns a flap attached to 
the spindle which controls the air circulation. 

The exhibit of Dr. G. W. C. Kaye exemplified 
fluorescence under illumination by ultraviolet 
light. The box contained a quartz-mercury vapour 
lamp, provided with a window of Wood glass (red). 
Organic substances, uranine, paraffin, vaseline, the 
nails of the hand, the teeth, &c., fluoresced in this 
light, whilst silver and gold looked black. 

Dr. J. 8. Anderson, likewise of the Laboratory, 
demonstrated the Immersion Method of Measuring 
the Internal Diameters of Transparent Tubes. 
Such measurements can be made directly, if the tube 
may be cut up and the ends be ground and polished, 
or indirectly if mercury can be introduced. In 
other cases the tube may be illuminated by mono- 
chromatic light (e.g., sodium flame) when owing to 
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refraction and internal reflection the edges of the 
inner cylinder appear as two fine lines whose distance 
can be measured. The drawbacks of this method are 
that the inner and outer cylinders are not generally 
quite co-axial, the glass is not very homogeneous, 
and its refractive index is not accurately known. 
With the aid of formule due to Kohlrausch and 
T. Smith the difficulties are partly overcome by 
immersing the tube in water and by varying the 
wave-length of the illuminating beam, until equality 
of index is obtained ; the variation is effected with 
the aid of a spectroscope which is shifted normally 
to the axis of the optical system. In his Differential 
Refractometer, for determining the small differences 
in the index of two similar liquids (salinity of 
different samples of sea water, purity of liquids), 
Dr. Anderson immerses a rectangular cell, containing 
the one liquid, in the other liquid within a larger 


ae 


cell and measures the deviation of a parallel beam 
of light passing through the two cells. 

Microscopes were very conspicuous in the manifold 
physiological exhibits. In the Combinea Mono- 
binocular Microscope exhibited by Messrs. Ogilvy 
and Co., 18, Bloomsbury-square, W.C. 1, the micro- 
scope itself is made by Ernst Leitz, of Wetzlar, and 
the point is that, when everything is fully adjusted, 
the binocular body is taken out and a monocular 
tube, suitable for photography. can be slid in position 
without requiring further adjustment; the objec- 
tives are also suitable for oil immersion. The 
British novelty is the electric microscope lamp of 
Messrs. Ogilvy. The bulb is made of a special 
milky-opal glass which can easily be focussed for 
critical illumination ; the spiral filament of the half- 
watt lamp is entirely obscured and no granular 
structure is discernible; the vertical mounting 
of the lamp is fitted with an iris diaphragm to which 
is attached a small optical bench carrying the 
condensing system. The microscope outfit shown 
by the National Institute for Medical Research, 
comprised a quartz-mercury lamp so variable in 
intensity that the light reaching the eye is constant 
in quality and quantity. 

Both the exhibits of Dr. J. J. Fox, on behalf of the 
Government Laboratory, were made by Messrs. 
Bellingham and Stanley, Limited. The first novelty, 
a direct-reading Spectrometer, illustrated in Figs, 
7 and 8, can also serve for other purposes. The 
light enters through the slit 1 (plan, Fig. 8), and is 
reflected by the small right angle prism 2 on to the 
concave mirror 3, which directs a parallel beam on 
the dispersing prism 4; there the light is reflected 
back to 3 and is finally brought to a focus in a plane 
on the other slit 1’. The prism 4 is mounted 
on a table which can be turned by means of the 
arm 5 and the micrometer screw 6; the head 
of this micrometer is suitably divided and can 
be set so as to pass light of any particular wave- 
length to the slit 1’. Both the slits are adjust- 
able for width, and they have a reducing wedge 


for modifying the length of the respective 
spectrum line; the slit 1’ carries an eye-piece 
adapter. When the instrument is to be used 


as an ordinary spectrometer or as monochromatic 
illuminator for the visible spectrum, the dispersing 
prism is made of high refractive index and the 
reflecting mirror 3 is silvered. For work in the 
ultra-violet or when the instrument is to serve as 
monochromatic illuminator over the region A 800 
» » to 200 pw p, the glass prism is replaced by a prism 
of 30 deg. of quartz, and the concave mirror 3 is 
replaced by a quartz mirror with a backing of 
mercury-tin foil which has a high reflecting power 
in the ultraviolet. For the eye-piece adapter and 
the slit 1’, a fluorescent eye-piece may further be 
substituted. When the instrument is to serve as an 
infra-red spectrometer, the material of prism 4 is 
quartz or rocksalt ; in the case of quartz the red 
can be explored up to A 4,000 pp, in the case of rock 
salt up to 39,000 ;»; for the measurements a 
thermopile has to be used instead of the eye-piece 
adapter. The advantages claimed for this instru- 
ment are that the prism of 30 deg. is always in the 
position of minimum deviation, that, with the 
concave mirror, no chromatic differences of focus 
arise, and that the rocksalt prism will not be affected 
by atmospheric moisture. 

The second instrument, a new differential Re- 
fractometer, is of the Hallwachs type; it measures 
very small differences in the refractive index of two 
liquids, e.g., two saline solutions, diluted to different 
extents, and detects impurities in the liquids, A 
glass cell is divided into two compartments for the 
two liquids by a thin glass plate ; the surface of the 
plate is approximately in the plane of the axis 
of the observing telescope. If light enters the cell 
containing the liquid of lower index at grazing 
incidence, i.e., practically parallel to the glass plate, 
it will be refracted through the plate at the critical 
angle, enter the second liquid and leave the cell 
at a larger, but still very small, angle almost grazing 
again, because the difference in the indices is small. 
Angles as small as 4 deg. can be measured. If the 
ray can no longer pass out, but suffers total reflec- 
tion at the contact surface, the border line between 
light and darkness can be determined ; this border 
line is focussed on to the cross wires of the telescope, 
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and the position of the liquid cell is measured by 
the screw motion which rotates the cell with its 
table, on which the cell is enclosed within a water- 
jacketted cover. The accuracy obtainable is very 
high, the index being determined to the fifth decimal. 
The cell is constructed entirely without cement, the 
surfaces of the glass plates and body being optically 
worked and then placed in optical contact. For 
measurements in the ultra-violet the cell is made of 
quartz. Theoretically the separating glass plate is 
dispensable. 

Both the new X-Ray Bulbs on view were for 
crystal-structure studies. That of Sir William 
Bragg and Professor W. L. Bragg (who also exhibited 
a large variety of their models of crystal structures) 
may be described as a glass cylinder, closed at both 
ends by water-cooled brass fittings, through which 
connection with the air pump is effected, and con- 
taining an axial tube enclosing the leads for the 
tungsten filament. ‘The rays from the target pass 
through an aluminium window to the specimen 
which, for the study of organic compounds, is a 
piece of paper pasted with the powdered substance 
and held close to the tube. The Metal X-Ray Bulb 
with Iron Target, as well as the apparatus for deter- 
mining Dielectric Constants at Radiofrequencies, 
developed in the Radiological and Explosive 
Branches of the Research Department of Woolwich, 
are intended for the study of explosives. The metal 
bulb is of the hot cathode type and has the shape of 
a tulip; the stem, the filament tube, extends up into 
the iron cup, which above is partly closed by an 
insulation sleeve of glass into which the iron target 
is fitted; the anode (target) and case are water- 
cooled. The rays can penetrate only through an 
aluminium window, in front of which the material 
to be studied is placed, also quite close to the bulb ; 
otherwise the bulb is self-shielding. The dielectric 
constant is determined by means of the heterodyne 
method. Two valves generate oscillations of nearly 
equal high frequency so that the observer hears 
a note. The circuit comprises a condenser ; when 
the respective explosive (or any object) is inserted 
in this condenser, the note changes, and the original 
sound, controlled by a tuning fork, is restored with 
the aid of a variable condenser. The battery con- 
nections of the circuits are novel. 

On behalf of the Advisory Committee on Atmo- 
spheric Pollution, Dr. J. S. Owens exhibited various 
specimens of Smoke, Fog and Cosmic or Volcanic 
Dust particles from the Air. Most of these particles 
are very minute, the dimensions being of the order 
of 1 micron, and their Brownian movements were 
also demonstrated. In Southern Portugal, Dr. 
Owens recently observed a bluish haze apparently 
due to salt crystals, and he found similar salt dust 
also right out at sea in the Bay of Biscay. To 
collect these particles he draws the air, by means of 
a pump, through a slit in a jet, only 0-1 mm. in 
thickness, into a cell on the microscope stage in 
which the jet impinges on the cover glass, 1 mm. 
away from the slit. The velocity of the air current is 
very high (approaching the acoustic limit), and the 
evaporation on the cover glass is so intense, that 
crystals are deposited. Dr. Owens believes that 
these crystals are originally present as such in the 
air, though the salt might also be dissolved, the air 
current being purposely kept moist. Some of the 
dust is regarded as cosmic, but the identification of 
the exceedingly small particles is very difficult. 

Chemical exhibits were not numerous. Professor 
H. Brereton Baker, of South Kensington, exhibited 
the apparatus with which he is studying the Effects 
of Long Drying on the Boiling Points of Liquids. 
He seals the specially-purified liquids up in Jena 
glass tubes so that either ‘he liquid itself or its 
vapour is in contact with phosphorus pentoxide, 
and finds that long drying in this way, mostly for 
nine years, raises the boiling-points considerably, 
by the number of degrees Centigrade we give: 
Mercury 62, bromine 55, hexane 14, benzene 26, 
carbon disulphide (dried since 1894) 30, carbon 
tetrachloride 34, ethyl ether 48, ethyl alcohol 60. 
He suggests that the removal of moisture prevents 
dissociation of the molecules and promotes associa- 
tion to larger molecules, and he observes further 
that the surface tensions of some of these liquids 
were similarly increased whilst the densities (or 
volumes) remained unchanged, and that the melting- 


point of sulphur rose by 5-5 deg. C. and that of 
iodine by 2 deg. after nine years’ drying. Professor 
Baker is known as a very careful experimenter ; 
but what becomes of the physical “constants ” 
under these conditions ? 

Professor W. A. Bone’s Explosion-Pressure Curves 
showed that in exploding mixtures of hydrogen with 
oxygen and nitrogen at initial pressures of 50 atmo- 
spheres, the pressure rises abruptly to a maximum, 
at once to diminish on cooling, whilst in mixtures 
of carbon monoxide with oxygen and nitrogen the 
rise is slower, and cooling does not set in at once ; 
further, that an admixture of hydrogen has, in the 
latter case, a disproportionately large influence in 
accelerating the pressure development. In explana- 
tion, Professor Bone suggests that the pressure 
development does not merely depend on chemical 
affinity ; the molecules of oxygen and hydrogen can 
directly interact, first forming the unstable complex 
H,0,, whilst CO can only react with oxygen atoms 
or with “activated”? steam, both of which the 
decomposition of this H,O, can provide. The re- 
search was conducted in conjunction with Mr. W. A. 
Haward, who was killed in one of the experiments. 

The Native Gold which Professor W. 'C. Gordon, 
of King’s College, exhibited, was recently discovered 
in the calcite cement of a fault-breccia near Hope’s 
Ness, Torquay; the dendritic specimens are very 
rich, but so far no estimate can be given of the 
amount and value of the material. The interest of 
the Iron Currency from the Ksi Country, Sierra 
Leone, which Mr. R. C. Gale and Captain E. R. 
Macpherson showed, is the purity of the wrought 
iron of native workmanship; the metal is soft and 
can be bent. 

We can only notice briefly Dr. H. Hartridge’s 
apparatus for Measuring Interfacial Tensions by the 
Ripple Method; asimple motor-driven mechanism 
sets up the ripples, which are studied in transmitted 
(not reflected) light. The device also renders the 
light source intermittent, without the use of a 
tuning fork. Further, we may mention, the Alge- 
braic Gyroscopic Curves, complete in four, three 
and six branches, and projected on horizontal 
planes (also on a sphere), which Sir George Greenhill, 
Sir George Hadcock and Colonel Hippisley showed. 

The most interesting part of the only astronomical 
exhibit of the evening, arranged by the Royal 
Observatory, Greenwich, was the Chart of Latitude 
Variations recorded at the Observatory from 1911 
to 1921. The curve can be analysed into two 
principal components, with periods of 432 days 
and of one year, the amplitudes being approximately 
as2tol. Since 6 x 432 days = 7-1 years, the 
curve roughly repeats after that interval; but the 
curve of 1911-12 was not well represented in 1918-19. 
There was also an enlarged print from atypical plate, 
obtained with the Cookson floating telescope, for the 
determination of latitude variations. 





NOTES. 
THE AGE OF THE EARTH. 


WHEN the British Association discussed the 
problem of the age of the earth at Edinburgh 
last September,* geologists and physicists seemed 
to agree to a few thousand million years. That is 
to say, while the geologists only arrived at estimates 
of 150 million years from their own arguments, they 
—at least Professors J. W. Gregory and Sollas— 
were ready to multiply that figure by 10 or even 20, 
in view of the uncertainties of their assumption and 
the higher claims of astronomers, physicists and 
biologists. Discoursing on the same subject at the 
Royal Institution recently, Professor John Joly, 
F.R.S., of Trinity College, Dublin, was not inclined 
to go beyond 175 million years. But he limits 
his geological arguments to the period during which 
actual denudation by water of the cooled surface of 
the Earth has been possible. That period is shorter 
than the astronomical age. The average rate of 
denudation, the rate of sedimentation of the washed- 
down soil and the salinity of the ocean all, Professor 
Joly pointed out, gave much the same estimate of 
about 130 million years. The conclusions based 
upon the radioactive products accumulated in the 
accessible strata had also been made on various 
lines. Strutt (Lord Rayleigh) had first estimated 
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the helium found in rocks; but some helium might 
have escaped. Then the disintegration, both of 
uranium and thorium, into lead had been taken 
up. Uranium calculations had given an age of 
1,640 million years, thorium only 130 million, and 
the uranium figure had been preferred for some 
reason. But Professor Joly would rather rely upon 
thorium, especially on the strength of his study of 
the microscopical “‘ pleochroic halos.” A speck of 
a radioactive mineral in granite or mica would 
surround itself with a disc and rings marking the 
limits to which the ejected a particles had pene- 
trated in the rock in the course of ages. Uranium 
gave, and should give, six such rings, thorium 
seven, the latter rings being slightly larger. Now 
in the case of thorium minerals the rings had 
exactly the theoretical diameters; in the case of 
uranium the first (innermost) ring was a little too 
large, by about 10 per cent. There was, moreover, 
some uncertainty about U,, the first disintegration 
product of uranium. That might indicate that 
uranium-radium had decayed at a faster rate in 
ancient days than later; Rutherford had acknow- 
ledged that the rate of the uranium-radium clock 
might have changed. If that were so, the halos in 
the oldest rocks should show a larger first ring than 
the halos from more recent rocks. Professor Joly had 
been able to confirm this by observation—not of his 
own mostly, but by his assistants, who did not know 
what they were expected to find. Thus they had 
actually measured radii of 0-0160 mm., 0-0146 mm., 
and 0-0135 mm. in the (oldest) Cambrian, in some 
Devonian and in (recent) Eocene rocks. This 
seems indeed a triumphant confirmation of the 
general argument and of the change of the rate of 
the radium clock. 


Tue INstITUTE oF Puysics. 


In his presidential address to the annual meeting 
of the Institute of Physics, held in the rooms of the 
Royal Society on Wednesday last, Sir Joseph J. 
Thomson commented upon some aspects of the 
activities of the Institute. Referring in the first 
instance, to the new Journal of Scientific Instruments, 
Sir Joseph remarked that the Institute had decided 
to attempt to establish a journal, devoted to 
methods of measurements and the construction and 
use of instruments, in spite of the actual over- 
whelming number of journals. No existing journal 
dealt with the subject, which was hardly discussed 
in text books, and the recent enormous improvements 
in the technique found no adequate publication. 
The designer of a new instrument generally said 
more about his results than about the instrument, 
which might be more generally interesting, partly 
because scientific papers were mostly already too 
long. Yet without improved methods of producing 
high vacua the discovery of the electron might 
further have been delayed, and X-ray work might 
greatly be accelerated if we possessed photographic 
plates 50 times as sensitive as those now obtain- 
able, and if we were better able to maintain constant 
electric and magnetic conditions in our experiments. 
A new special journal seemed best likely to serve the 
interests of both science and industry. But the 
financial position of the undertaking was very 
difficult. The Department of Scientific and In- 
dustrial Research had made a special grant for the 
publication of the excellent preliminary number 
issued last week ; but the Institute could not expect 
any further assistance, and Sir Joseph made an 
earnest appeal for the support of the journal, which 
would require 3,000 subscribers to carry through. 
Having said a few complimentary words on Sir 
Richard Glazebrook’s “ Dictionary of Applied 
Physics,” Sir Joseph expressed some apprehensions 
as to the future of the science students now crowd- 
ing all colleges. First class men seemed to be sure of 
employment. Of 67 research students who had 
enjoyed special grants from the Department of 
Scientific and Industrial Research, only 7 had 
not yet been placed, and that number comprised 
two women who had settled their careers by marry- 
ing. Ten of the students had entered the Govern- 
ment service, 8 had received further assistance, 
10 taught in schools and 12 in colleges, 6 had started 
on their own account, and only 14 had accepted 
industrial appointments. But these figures con- 
cerned only first-class men. For the average 
scientist, not living in one of the great educational 
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centres, the question of books, now very expensive, 
and of lectures, to keep up, was serious; the 
Institute might help in providing libraries and good 
lectures. Another point was the actual trouble 
with good instruments and apparatus, their high 
cost and delay in delivery. Sir Joseph had personally 
had more worry from these sources since the war 
than in all the thirty or forty years before ; it took 
a fortnight to obtain an instrument, and it broke 
on the first day. After all, he thought research 
science itself could as much claim to be a key 
industry, as any industry under the Industrial 
Protection Bill. It might be possible to arrange 
for special licences for the import of certain instru- 
ments, though the terminology would be a delicate 
matter ; terms such as “ galvanometer ” covered a 
wide range of apparatus. 
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Graphical Analysis: A Text-book on Graphic Statics. 

By WriuamM 8. Worre, M.S8., Associate Member, 

American Society of Civil Engineers; Associate 

Member, Society of Naval Architects and Marine 

Engineers. New York and London: McGraw-Hill 

Book Company, Inc. [Price 20s. net.] 

THE use of graphical methods for deriving the 
solution of problems where the data can be deter- 
mined only with approximate accuracy, is growing 
much in favour with mathematical and technical 
teachers, and undoubtedly in engineering and 
scientific work generally, the graphical representa- 
tion of formula can greatly facilitate calculation. 
It can do more than this. A geometrical construc- 
tion that interprets a mathematical demonstration 
may often enable a student to appreciate the 
principles of solution, when a complicated formula 
or the methods of rigorous analysis convey no 
meaning. In the case of stress diagrams, such 
aids seem especially valuable, though of course, it 
may happen, that the inexperienced will attempt 
a graphical solution where the method is unsuit- 
able. But a man may also become so enamoured 
with the use of logarithms, that he applies the 
familiar process where a multiplication table would 
prove the more fitting tool. In the excellent 
treatise before us the student is cautioned to avoid 
such pitfalls, and examples are provided in which 
analysis may prove the preferable course and others 
particularly adapted to treatment by graphical 
methods. 

The subject matter has been submitted to the 
test of experience in actual teaching, for the treatise 
is founded on notes and blue prints prepared and 
used in the author’s classes, in the University of 
Illinois. By this effective criticism to which the 
teaching and practice have been submitted, the 
requirements and difficulties of students are likely 
to be well appreciated and very effectively met. 

In the early chapters some of the more elementary 
propositions of mechanics are discussed, such as the 
location of the centre of gravity in various figures 
and solids, the finding the moment of forces about a 
point, and also of the use of graphical construction 
in problems connected with the moment of inertia. 
More closely connected with the main subject are 
the conditions for equilibrium in particular cases, 
as these lead up naturally to the construction 
of the funicular polygon, the basis of graphical 
analysis. The graphical method is illustrated by 
applications to inquiries concerning the reaction of a 
beam supported at each end carrying a number of 
concentrated loads, and to trusses bearing inclined 
loads, while the manner of analysing the stresses 
in a frame finds an interesting application in the 
ordinary bicycle. Perhaps in some of the examples 
given in the chapter on centroids, simple or more 
obvious methods of solution might be employed, 
and the author admits that the simpler problems 
might be solved more quickly by analytical methods, 
though he pleads that in the larger and more 
complicated problems the graphical solution is of 
special value. We are glad to find a reference 
to the methods of Mohr and of Culman’s construc- 
tion, but from a practical point of view we could 
have dispensed with the brief reference to the ex- 
tension of moments higher than the second. 

The student should, however, find himself ade- 
quately equipped for attacking the “stress dia. 
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gram,” which comes before the oo engineer 
in an endless variety of ways, and furnishes so many 
examples for the application of constructional 
methods. It is precisely where analytical results 
grow complicated that graphical processes show the 
greatest advantage, especially in affording an inde- 
pendent check on exactness of interpretation. A 
question will arise concerning the relative accuracy 
of the two methods, and the author might have 
given fuller information on this point and also 
shown numerically the effect of uncertainty in the 
original data. In the case of a simple beam 
carrying a uniform load of 1,000 Ibs. per foot and 
a concentrated load of 10,000 lbs. at the centre 
(a fairly easy example) the maximum bending 
moment is worked out by both graphical and analy- 
tical methods. Actual measurement of the inter- 
cept on the moment diagram gives the maximum 
bending moment 1,206,000 inch pounds. The 
analytical calculation gives the value of the same 
quantity as 1,200,000 inch pounds or, in other 
words, the graphical result was in error by about 
half of 1 per cent. This is eminently satisfactory, 
but the time required to obtain the respective 
results is not given, nor would it be of any great 
value as equal expertness in both operations could 
hardly be expected from the same craftsman. It 
may, however, be mentioned that in this case a 
shear diagram is given which, if it be needed, can 
be obtained with apparently little more work. 
Beams and trusses are selected as examples of 
constructional works that supply typical illustra- 
tions, and beams with complicated loading or 
having a variable moment of inertia afford problems 
that require very nice handling. Cantilever beams 
furnish another class of examples, and interesting 
problems arise when continuous beams of two or 
three spans of unequal length carry a number of 
unequally, irregular-spaced, concentrated loads. In 
dealing with trusses, attention is given mainly to 
the application of stress diagrams for determining 
the stresses produced in the various members, 
and generally the problems are more complicated 
than those arising in beam structure: the addition 
of snow and wind loads to the dead weight of 
rafters, purlins, sheathing, &c., increasing the 
difficulties. An ice and sleet load of 10 Ibs. per 
sq. ft. is assumed for all pitches of roof, but this 
would seem to be inadequate and the estimates of 
wind pressure are low. The question is again 
raised in the case of masonry chimneys, but exact 
information on such points is difficult to obtain. 
“Experiments in connection with wind pressure 
on roofs have not been very complete,” says the 
author, and this is strictly true. It is doubtful 
if we are justified in assuming that the wind acts 
normally. The equation P (Ibs. per sq. ft.) = 
0-004 V2 (velocity in miles per hour) attributed to 
Ketchum, for expressing the relation between wind 
velocity and pressure exerted on a flat normal 
surface probably needs revision. In this country 
a velocity of 100 miles an hour, even in gusts, is 
very rare, but pressures of 40 Ibs. to the square foot 
have frequently been registered on apparently 
trustworthy anemometers. Probably, however, such 
high pressures are operative over only small areas 
and are not applicable to the exposed surface of a 
tall shaft. But the actual force exerted is not in 
question here, the point being to calculate or to 
represent the stresses produced by given conditions. 
Moving loads, such as occur in runway girders for 
travelling cranes, and in traffic over bridges, form 
the subject of an interesting section in which 
methods are devised for determining the maximum 
moments and maximum shears. These latter are 
useful in designing the web reinforcement for rein- 
forced concrete beams, more fully treated in a 
subsequent chapter on reinforced concrete. The 
stresses that exist in various parts of masonry 
structure and the variations under varying loads 
present some difficult problems, that demonstrate 


‘the successful application of the special methods here 


advocated. The line of pressure in arches affords 
abundant opportunity for the display of ingenuity, 
and permits considerable variation in the method 
of treatment. The case of a three-hinged arch 
illustrates the application of the problem for passing 
a funicular polygon through three given points, for 





the hinges locate three points on the polygon which 
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a the line ay pressure. ‘The arch with two 
hinges offers another and more difficult problem, 
for the data are not sufficient to indicate the line 
of pressure, and the method of least work offers an 
alternative. The hingeless arch becomes well- 
nigh insoluble, because the trial line of pressure 
permits so many variations. The shape of a small 
arch is therefore generally considered satisfactory, 
if the polygon for the loading satisfies some prac- 
tical conditions. It is, we imagine, one of the 
objects of this treatise to substitute scientific, rigor- 
ous, methods for the loose rules that frequently 
suffice, and the thorough treatment and lucid 
explanations provided are calculated to effect this 
end. 





General Design of Warships. By Wm. Hoveaaarp, 
Professor of Naval Desi and Construction, | Massa- 
chusetts Institute of "Techestany, M.I &o. 
London: E. and F. N. Spon, Limited, 57, cates 
8.W. 1. [Price 32s. net. 

In his “‘ Modern History of Warships,” published 

in 1920, Professor Hovgaard traced the evolution 

of the modern warship from the early days of 
the first iron and steel vessels down to the ships 
engaged in the great war, and in a reference in that 
volume to the controversy regarding the relative 
merits of capital ships and submarines he made 
it clear that his own views were that the capital 
ship was still the deciding factor in modern naval 
warfare. It is therefore fitting that his next 
volume should deal with the “‘ General Design of 

Warships,” and that it should be very largely 

devoted to consideration of the design problems 

associated with warships of the largest class. 

That the vessels engaged in the Great War by 
no means represent the final development of the 
capital ship is clearly shown by the fact that both 
America and Japan are at present constructing 
vessels of this class heavier and more powerful 
than any British vessel either built op,building. 
From the point of view of the naval architect the 
limit of size and power has not even yet been 
reached apart from the restriction to be imposed 
by the Washington Conference, and for all but the 
very wealthy nations it is probable that financial 
considerations will become the limiting factor in 
design. Whether the future will see a further 
increase in size and power or a radical change of 
type remains to be seen, but so long as the type 
remains unaltered any possible changes cannot affect 
the principles upon which the naval architect bases 
his preliminary and final estimates and designs. 
The first conception of a design as described by the 
author in his opening chapter represents fairly 
the preliminary conditions of the problem for solu- 
tion by the naval architect. Preliminary work is 
necessarily of a tentative nature where any appreci- 
able departure from previous ‘practice is made, and 
the process of building up the completed design 
involves a continuous adjustment of elements, many 
of which are necessarily only approximations and 
alteration of any one of these reacts upon many 
or all of the others. The more accurate the pre- 
liminary calculation the less alteration and adjust- 
ment will be required as the design proceeds, and 
consequently the more accurate the preliminary 
design. To ensure this the designer relies largely 
upon data gathered from previously-built ships, 
and the author rightly lays stress upon the necessity 
for accurate and systematic collection of such data. 

The preliminary determination of the displace- 
ment as described presents little or no novel feature, 
and is of the form well known to all estimaters, 
viz., the summation of weights of all groups of items 
comprising the weight of hull, machinery and equip- 
ment, such weights being estimated by coefficients 
got from previously-built similar vessels. The 
differentiation of the weight equation and the 
examples given of the methods of making allowance 
for modifications in the design are interesting and 
useful as showing the value of the method described. 

The considerations which affect the choice of 
length, breadth, draught and freeboard for the pro- 
posed vessel and the significance of each of these 
dimensions in relation to each other and to other 
necessary conditions, also the effect of variations 
of the form of the under-water body of the vessel, 
are discussed with a lucidity and completeness which 
are characteristic of the volume as a whole, Trans- 
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verse and longitudinal stability are treated on 
conventional lines, and no novel features are con- 
tained in the chapter devoted to stability and 
behaviour in a seaway. 

The preparation of a set of lines for a modern 
war vessel of any considerable size rarely falls to the 
lot of a designer outside the staff of the naval 
authority concerned with the design, but as the 
procedure described applies almost in its entirety 
to the drawing of a set of lines for almost any vessel, 
the chapter on Construction of Lines is of interest 
to a large number of ship designers. Nonew method 
or short cut is proposed, but the usual method of 
working from the lines of a known type ship by 
suitably varying the scales, making adjustments 
by using the curve of areas of sections, and the 
drawing of lines in accordance with mathematical 
formule as given by Rear-Admiral Taylor in his 
volumes on “‘ Speed and Power,” are presented and 
described in some detail. Profile sketches of stems 
and sterns indicate the modern practice in regard 
to these in the larger vessels, while the factors 
influencing the choice of-each are discussed in the 
letterpress. 

The fixing of the lines makes it possible to proceed 
with a general arrangement and steel constructional 
plans, which in turn enable the designer to investi- 
gate the position of the centre of gravity both 
horizontally and vertically with a view to a pre- 
liminary estimate of trim and stability in any con- 
dition between the light and load draughts. The 
work involved is of a character demanding wide 
knowledge and experience on the part of the de- 
signer, and merits the clear and full description of 
the successive steps which the author has given. 

One of the most important investigations in 
connection with both naval and mercantile work is 
that of the effect of bilging on buoyancy and 
stability, and a good deal has been written on the 
subject since the International Conference on Safety 
of Life at Sea was held in 1914. In his treatment 
of this part of his subject the author strongly 
advocates the “lost buoyancy” method of con- 
sideration in preference to the ‘‘ added weight” 
method more commonly used. Examples of both 
methods are given, and on the evidence of these 
examples the author’s preference is undoubtedly 
justified. 

Watertight subdivision forms the natural sequel 
to the consideration of the effect of bilging on 
buoyancy and stability, and this is dealt with in a 
chapter in which the author discusses the whole 
question of subdivision very thoroughly. Special 
consideration is given to the relative merits of 
transverse and longitudinal bulkheads and the 
special dangers attendant upon the fitting of the 
latter, in cases of bilging, are carefully pointed out. 

Buoyancy and stability of submarines and of 
troop transports form the subject-matter of two 
interesting chapters, the former of which deals with 
single and double-hull boats, while the latter 
includes particulars of the “ floodable length” 
method of determining the spacing of bulkheads, 
with special reference to the requirements of troop 
transports, also useful notes on the effect of longi- 
tudinal watertight bulkheads as exemplified in the 
accident resulting in the loss of the ‘“‘ Empress of 
Ireland.” The final chapter deals with the calcu- 
lation of weights and centres of gravity of all the 
items of hull and machinery, guns and equipment. 
The alternative methods of direct calculation and 
estimates from previously-built similar ships are 
described, and while the subject does not lend itself 
to any novel form of treatment it has been dealt 
with in a thorough and detailed manner. An ap- 
pendix is devoted to the Integraph and the descrip- 
tion of the instrument and vhe theory upon which 
it is based will be of interest and value to students 
and draughtsmen. With this volume the latest 
developments in the design of warships are presented 
to the student together with a closely-reasoned 
analysis of the factors bearing upon the subject, 
and a notable addition is made to the growing list 
of text-books from the pen of Professor Hovgaard. 
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SAFEGUARDING OF INDUSTRIES AcT. OPTICAL AND 
OTHER ScreNTIFIC INSTRUMENTS.—The Board of Trade 
have given notice that optical elements, whether finished 
or not, manufactured in Germany, shall be included 
in the terms of reference to the committee. The com- 
mittee propose to hold their first sitting for the taking 
of evidence in regard to optical elements at 11 a.m. on 
Wednesday, May 31, 1922, at the Hotel Windsor (Mines 
Department), Victoria-street, London, 8.W. 1. The 
secretary to the committee is Mr. T. Turner, Board of 
Trade, Great George-street, London, 8.W. 1, to whom 
all communications should be addressed. 





A FiLamMe Monument.—The Canton of Ziirich has 
decided to erect a monument of an original, peculiar 
design, a ‘“‘ Wehrmanner denkmal,” intended to com- 
memorate the sufferings which the whole country, and 
not only the soldiers, indirectly had to bear during the 
late war. From a square pyramidal base, built in steps 
after the manner of the Great Pyramids of Gizeh, is 
rising a huge flame, shaped out of partly-gilt copper. 
The base has a height of 5-20 m. (17 ft.), the flame rises 
17-5 m. (nearly 58 ft.) above the flat top of the base. 
The design, due to Otto Zollinger, of Ziirich, found from 
the first the support of architects, but was criticised by 
the people ; the verdict has now become more generally 
favourable, and the skeleton mast, to which the sheet 
copper is to be attached, is already being constructed. 
Lightning conductors will, of course, be provided. The 
monument is being erected near the Forch River and 





railway, on an eminence commanding an extensive view. 








May 26, 1922.] 


ENGINEERING. 








663 








SPEAKING at a meeting of the Mersey Docks and 
Harbour Board last Friday, Mr. R. D. Holt said that 
owing to the reduction in the rate of wages the Board 
were now employing 900 men instead of 600, which 
was the number at Christmas last, before the drop took 
place. He said that this constituted a good example 
of the fact that one of the principal causes of unemploy- 
ment was that people were asking too much money for 
their work. 

The Drugs and Fine Chemicals Section of the 
National Union of Distributive and Allied Workers, 
discussed at Liverpool, last Saturday, the question of 
calling a national strike over a proposed reduction in 
their wages. No official statement about the meeting 
was made, but it is understood that the chairman was 
instructed to convey to the employers a request that 
negotiations should be reopened on wages and hours, 
the sliding scale being excluded. Failing a resumption 
of the negotiations the Executive Committee has vested 
the general secretary with authority to give branches 
permission to withdraw their labour if they so desire. 





By a large majority the Associated Society of Loco- 
motive Engineers ‘and Firemen, which concluded its 
annual conference in London last Saturday, endorsed 
the big scheme to link up all grades and sections of 
transport and railway workers in the National Trans- 
port Workers’ Federation. The society, which has a 
membership of over 75,000, is the first of the large 
trade unions to affiliate in this manner with the Trans- 
port Workers’ Federation in the movement to secure 
closer co-ordination of interests and solidarity of action. 
The scheme is to be submitted for approval to the 
annual conference of the Railway Clerks’ Association, 
which opens at Blackpool next week, and in July 
will be presented to the National Union of Railwaymen 
at their annual conference at Bradford. The adhesion 
of the three railway unions would add over 700,000 
to the strength of the Transport Workers’ Federation, 
whose total membership if the proposed linking-up 
were finally endorsed would be increased to about 
1,100,000. 

It is a matter of astonishment how few trade union 
leaders seem to know anything of the conditions of the 
working classes before the rise of capitalism. Speaking 
at Scarborough, Mr. H. Clay, of the Transport and 
General Workers’ Union said quite truly that the 
proper reply to the question “‘ When will the workmen 
be satisfied ?’’ was that they never would be satisfied 
so long as they remained human beings. He went on, 
however, to affirm that nowadays the worker, though 
better paid, was relatively in a worse position than 
in the last century. From the purely material stand- 
point, it is indisputable that relatively speaking the 
workman is ever so much better off than in that century. 
To-day he considers necessities many articles and con- 
veniences that were regarded as luxuries even by 
wealthy men 150 years ago. In fact, there seems 
from this standpoint to have been throughout history 
an almost continuous improvement in the lot of 
the ‘common people”’ considered relatively to other 
members of society. A Pharaoh could employ 100,000 
men for thirty years in non-productive labour, but no 
financial magnate of to-day could approach this feat. 
As regards the ‘* moral and intellectual ’’ side, there has 
also been an extraordinary improvement in the status 
of the ‘“‘common people ’’ during the last 200 years. 
Smollett’s novels show very clearly, the utter helpless- 
ness of the poor in comparison with the rich and the 
contempt with which the latter regarded the “‘ common 
people.”’ If Mr. Clay is thinking of more recent times, 
it may be remarked that the “ hungry forties” did not 
get the name for nothing. 





On Friday last the Trade Union Act Amendment 
Bill passed its second reading in the House of Commons. 
The Act of 1913 authorises the application of funds 
of trade unions for certain political purposes, the 
question to be decided by a secret ballot of the members, 
and provides for the exemption from contribution to the 
political funds of members who so desire it. The 
amending Bill proposes that political action shall be 
endorsed by a majority in a ballot in which at least 
50 per cent. of the members take part, that all moneys 
intended for political purposes shall be raised by a 
separate levy, and that every year contributing members 
should be given the opportunity of declaring whether 
or not they were willing to go on contributing. Colonel 
Meysey-Thompson, who introduced the Bill, said quite 
truly that his object was not to weaken trade unions, 
but he would probably admit that it was intended to 
weaken the Labour Party, which accordingly offered 
a vigorous opposition to the proposals. Mr. Clynes 
made a speech which at least did credit to his ingenuity. 
The original founders of the trade unions, it may be 
noted, expressly excluded questions of religion and 
politics as fit subjects for trade union activities, but 





their successors are interested mainly in politics. In 
part, perhaps, for the reason given by Mr. Dooley in one 
of his deliverances to the long-suffering Henessey, viz., 
that “‘ politics is the poor man’s university.’’ The whole 
matter in dispute is curiously reminiscent of the Church 
Rates question which agitated our forefathers in the 
last century. From the ethical standpoint it is quite 
as bad to compel a man to support a political creed to 
which he is opposed as to compel him to support a 
religious creed to which he objects. The dissenters 
of the last century refused to accept the solution of the 
Church Rates question, which Mr. Clynes considers 
satisfactory in the completely analogous case of the 
political levy. They declined to accept a law which 
would merely allow those who felt strongly on the 
subject to contract out, and had Mr. Clynes been in 
politics at the time we strongly suspect that this 
attitude would have received his cordial support. 


The slowness with which the average Briton can 
be brought to recognise unpalatable facts, has un- 
doubtedly its good side, and was largely responsible 
for the old saying that the English soldier never knew 
when he was beaten. To-day we are suffering from 
the defects of the virtue, as in the engineering trades 
the men are most reluctant to acknowledge that the 
relatively high standard of living reached by them 
during this century can only be maintained by a 
reduction in costs. They appear equally unwilling 
to permit of this absolutely essential reform being made 
by more efficient operation or by reducing the wages 
rate. Labour costs form by far the largest fraction 
of the total costs of production, and they must be 
diminished. With goodwill this could probably have 
been effected without any diminution in the weekly 
receipts of the workman, but this goodwill has un- 
fortunately been lacking, and men have been fined 
for working 10 minutes overtime in order to save a 
large casting. The Amalgamated Engineers Union 
still seem more intent in obstructing output than in 
improving the financial and social status of their 
members. Representatives of the Executive Councils 
of the 47 unions involved in the engineering dispute, 
apart from the Amalgamated Engineers Union, con- 
sidered for 5 hours at a conference in London, on 
Tuesday, the memorandum of employers’ modified 
terms negotiated on Saturday. It was finally decided 
to submit the questions to a ballot vote of the members, 
and a conference will be held on June 2 to consider 
the returns. The vote will be in the nature of a pooled 
ballot of the unions concerned. There will be no 
definite recommendations to members. 


Some substantial alterations have been made in the 
terms of the memorandum originally issued. The 
clause dealing with the question of employing skilled 
men on ‘unskilled’? work now runs as follows: 
‘““Where any alteration in the recognised working 
conditions, other than specified in Clause II (1) (A) 
hereof, contemplated by the management, will result 
in one class of workpeople being replaced by another 
in the establishment, the management shall, unless the 
circumstances arising are beyond their control, give the 
workpeople directly concerned or their representatives 
in the shop, not less than 10 days intimation of their 
intention, and afford an opportunity for discussion, 
if discussion is desired, with a deputation of the work- 
people concerned, and/or their representatives in the 
shop, should a discussion not be desired, the instruc- 
tions of the management shall be observed and work 
shall proceed in accordance therewith. Should a dis- 
cussion take place, and no settlement be reached at 
the various stages of procedure which are possible 
within the time available, the management shall, on 
the date intimated, give a temporary decision, upon 
which work shall proceed pending the recognised 
procedure being carried through. The decision shall 
not be prejudicial to either party in any subsequent 
discussion which may take place.”’ 





The conference on Wednesday between the Amalga- 
mated Union of Engineers and the employers has 
failed to bring about an agreement. The following 
report of the proceedings has been agreed to by repre- 
sentatives of both parties: The union representatives 
submitted proposals for the employers’ consideration, 
which the employers discussed. Later they informed 
the Amalgamated Engineers’ Union Executive that 
the proposals were not acceptable to them, and they 
submitted to the representatives of the union the 
proposals which were accepted by the Negotiating 
Committee of the 47 other unions, and also made a 
statement with reference to apprentices and foremen 
and men who had returned to work. Those statements 
were duly considered by the representatives of the 
union, who afterwards informed the employers that, 
having regard to their proposals and the statements 
made by their chairman, the union representatives were 
unable to make any further statement that day. 
Afterwards the employers’ chairman said that if the 





union executive desired to meet them again, they 
should give them ample notice so that they could 
summon their members together again. 





A telegram from Frankfurt-am Main, which is 
quoted by Reuter from Berlin, announces in conse- 
quence of having rejected the proposals of the Federa- 
tion of Metal Industrialists for Hesse-Nassau, Hesse, 
and adjoining areas, 40,000 metal workers were locked 
out on Tuesday morning. The area of the dispute 
includes, besides Frankfurt am-Main, also Offenbach, 
Hanan, and Darmstadt. 





The number of persons on May 15 recorded in the 
live registers of the employment exchanges in Great 
Britain as wholly unemployed was 1,553,500, or 
33,625 less than in the preceding week. This reduction 
is the largest so far recorded in any week this year. 
These figures are exclusive of persons unemployed 
owing to a trade dispute. The details of the live 
register (which reached its highest point on June 24, 
1921) are as follows :— 








June 24, May 8, May 15, 

1921. 1922. 1922. 
Men 1,459,639 1,277,067 1,255,300 
Boys 81,252 51,425 50,500 
Women 439,541 221,069 210,900 
Girls 64,223 37,564 36,800 
Total 2,044,655 1,587,125 1,553,500 


Since the beginning of the year there has been a 
reduction of 270,233 in the number registered as 
unemployed, and of 155,780 in those working short 
time and drawing benefit. 





ROYAL METEOROLOGICAL SOCIETY. 

THE usual monthly meeting of this Society was held 
on Wednesday, the 17th inst., at 49, Cromwell-road, 
South Kensington, Dr. C. Chree, F.R.S., president, in 
the chair. 

A paper by Dr. A. E. M. Geddes, O.B.E., entitled 
‘* Weather and the Crop- Yield in the North-HKast Counties 
of Scotland,” was read. Some fifteen years ago Mr. R. H. 
Hooker applied the methods of correlation in order 
to find the relation between the yield of the crops in 
Eastern England and the “ weather.”” Under the term 
‘*weather,”” were included temperature and rainfall. 
Since that time the method has been employed by 
various investigators in different countries, especially 
in America, but little beyond Hooker’s work has been 
done in this country. The present paper deals in a 
similar way with the principal crops of the three north- 
east counties of Scotland. A preliminary investigation 
covers the whole of District 6a of the Ministry of Agri- 
culture, i.e., from Nairn to Fife. It is shown, however, 
that there is not sufficient uniformity in all the conditions 
over this area to permit of useful deductions being drawn. 
Consequently the final investigation is confined to the 
counties of Aberdeen, Banff and Kincardine for the period 
of years 1885-1919. ‘The conclusions arrived at indicate 
that in these north-east counties cereals prefer a com- 
paratively warm summer with rainfall somewhat in 
excess. Root crops show less connection with the 
weather than do cereals, but on the whole prefer a@ season 
with rainfall below the normal. The yield of hay is 
found to be influenced almost as much by the weather of 
the year previous to that of harvest as by that of the 
actual year of harvest. A comparison of these results 
with the latest values for Eastern England for the same 
period of years shows that the most important sections 
of the year so far as weather is concerned, vary from 
district to district. In any investigation of this nature, 
therefore, care must be taken not to make the district 
too wide. 

After the reading of the paper a general discussion 
took place on Dr. Geddes’ paper, and on Mr. R. H. 
Hooker’s Presidential Address of January 18, 1922, 
“The Weather and the Crops in Eastern England, 
1885-1921.” 

A paper was also read by Mr. H. P. Waran, M.A., 
Ph.D., on “‘ A New Form of Direct-Reading Barometer.’ 
The paper deals with a modified form of syphon baro- 
meter that compensates automatically for the change 
of level and gives the reading at an eyepiece and thus, 
avoiding all errors of setting and adjustment, enables the 
minutest fluctuations of pressure to be followed with 
certainty. This is accomplished by the use of a novel 
device of reading axially through the inclined upper 
reservoir the reflection on the mercury surface of the 
divisions of a short length of vertically-suspended scale 
which has once been set to read the actual pressure on 
the cross wire. A similar mechanical design for a 
meteorological station barometer on this principle is also 
suggested. 





Suez Canat TRAFFIC Ly 1921.—According to statistics 
issued by the Suez Canal Company, 3,975 vessels with an 
aggregate net tonnage of 18,118,999 tons passed through 
the Canal in the year 1921, as compared with 4,009 vessels 
and 17,574,657 tons in 1920, and 5,085 vessels and 
20,033,884 tons in 1913. The number of vessels under 
the British flag included in the total for 1921 was 2,418, 
and the tonnage 11,397,019 tons net (or 62-9 per cent. 
of the tonnage for all flags). Of the total net tonnage 
passing through the Canal in 1921, Dutch vessels 
accounted for 11-2 per cent., Japanese for 5-8 per cent., 
French for 5-4 per cent., and Italian for 5-2 per cent. 
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“THE USE OF PARAFFIN FOR COAST, 
LIGHTING.” 
‘To tae Eprror or ENGINEERING. 

Sin,—With reference to Mr. Jackson’s letter, published 
on page 619 of your issue of the 19th inst., I can corro- 
borate what he states about Mr. Wigham and the Kitson 
burner. Mr. Wigham brought the Kitson burner to the 
notice of the Commissioners of Irish Lights in the year 
1900, shortly before he read his paper at the Royal 
Dublin Society’s Theatre, at a time when the Com- 
missioners were experimenting with the burners adopted 
two years earlier by the French lighthouse authorities. 
The first French installation, constructed by Luchaire, 
was installed at Ile Penfret (Finistere) in 1898, but the 
burner had undergone exhaustive tests in the workshops 
at the depot, Des Phares, during the two previous years. 

The Commissioners of Irish Lights decided not to 
adopt either the French or the Kitson type of burner, 
owing to the fact that the vaporising tube of the former, 
and the induction tube of the latter, caused considerable 
obstruction to the light from the mantle on either one 
or two sides, while the hood of the Kitson burner com- 

letely cut off all the light from the upper prisms of a 
ighthouse dioptric apparatus. 

They theretore had a burner designed for use with 
lighthouse oil, having a flash-point of 150 deg. F., close 
test, in which the vaporising tube was situated below 
the burner head and was heated by jets of mixed paraffin 
vapour and air brought down from the mixing chamber 
in the burner head. After a long series of trials the first 
of these burners was installed at Blackhead lighthouse 
in County Antrim, in the year 1902. The intensity of 
light obtained was fully equal to that of the French and 
Kitson burners, and the consumption of oil was very 
little, if any, greater for the same power with the same 
size of mantle. 

This was the first burner of this type, to be installed 
in a lighthouse, in which there is no obstruction to the 
light of the mantle in the direction of any element of a 
complete dioptric apparatus. But the French and other 
authorities have subsequently adopted various burners 
working on the same principle ; the Northern Lighthouse 
Board adopted one of them, which is made by Messrs. 
Chance of Birmingham; and in 1910 the Netherlands 
Lighthouse authorities adopted a burner of similar type 
for use with an oil of low flash-point. At the present 
time, all the important lighthouses and lightships on 
the Irish coast are fitted with the Irish burner, which has 
been improved from time to time, and is as efficient as 


any. 

In 1912 and 1913 the Commissioners of Irish Lights 
experimented with autoform mantles, but failed to 
obtain any that appeared to be sufficiently reliable for 
lighthouse use; but the Welsbach Company, at the 
instance of Mr. Hood, have now produced a greatly 
improved autoform mantle, which is being installed in 
their service, and which makes it possible to obtain a 
greatly increased intensity of light, with less cost, and 
the other advantages mentioned in your article on the 
“Hood ”’ burner. 

After twenty years’ experience with cupro-nickel 
vaporising tubes the Commissioners have now returned 
to the use of the nickel steel employed in the early French 
and Kitson burners, with as thin a wall as is compatible 
with a reasonable length of life; but they retain the 
well-separated heating jets, as being more efficient than 
the virtually solid heating flame used in the majority of 
burners of this type. 

Yours faithfully, 
T. W. Scort, 
Engineer to the Commissioners of Irish Lights. 

Irish Lights Office, Carlisle Building, Dublin, 

May 22, 1922. 





“STATICALLY INDETERMINATE AND 
NON-ARTICULATED STRUCTURES.” 
To Tue Eprror oF ENGINEERING. 

Srr,—In your issue of March 31 and April 21, in the 
article ‘‘ Statically Indeterminate and Non-Articulated 
Structures,’’ by Professor F. C. Lea, the use of the two 
theorems known as Castigliano’s theorems, and the 
aw ae of least work is explained. The principle of 
east work states that the differential coefficient of the 
total internal work with respect to any statically inde- 
terminate force is equal to zero if the corresponding ty 
of displacement vanishes. In using this principle the 
potential energy of the system must be expressed as a 
function of statically indeterminate forces. The number 
of equations derived must correspond to the number of 
these forces. This necessary condition is not always 
fulfilled in the paper of Professor F. C. Lea. 

In the case of the rigid rectangle (page 404) the bending 
moments Mj4, Moz, Mae, Ma, at the joints 1, 2, 3, 4, 
are taken as statically indeterminate forces, and four 
equations are derived by the calcwation of the differential 
coefficients of the internal work. But in reality this 
system has only three statically indeterminate forces. 
By the ordinary principles of statics we get the equation 

Mos + Mg — Mig — Ma = 0, 
which is not satisfied by the solution of Professor Lea. 
If we take for instance in this solutionr = q=1; p= 0, 
we do not get the known formula for a vertical frame 
rigidly connected at the supports, as it should be if 
correct. 

The method of least work is not usually the best one 
to determine the stresses in the elements of frames. 
In cases of symmetry especially we can get the stresses 
more easily by considering the displacements of the 
system. 

In the case of a symmetrical frame loaded as in Fig. (a) 
we can get conditions here represented as due to the 
sum of the two systems of symmetrical loadings repre- 


sented in Figs. (6) and (c). In case (6) the transversal 
force Q can be calculated from the equation of statics 
Wa _ Qh_ 0 
The moment at the’joint B will\be 
Wa 
w= —. ‘ P ae 
B ; (1) 


In case (c) the known equation of three moments of a 
continuous beam can be used. Considering the members 
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AB and BC we get for the moment M”, at the joint B 
the equation 





Wad(a +l), Mul Meh 
127.K1 3ETI 2ET, 
Putting til ey 
Ih 
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2R(3 + 2r) 


Adding together these two results (1) and (2) we get 
the moment My, for the case (a). 

In case of an arbitrary distributed load w per foot run, 
Fig. (d), we put in (1) and (2) wd z= instead of W, x and 
(1 — x) instead of a and 6, and integrate from c to d. 
In this way we get 


a @oedz r 
 - 212 (3 +27) 





d 
| wa(l2—22)dx. (3) 
c 


The same method can be used in the case of a frame 
rigidly connected at the supports. ~ 
Yours very truly, 
8. TrmosHENKO. 
Politechnical Institute, Zagreb, Jugoslavia, 
May 12, 1922. 





“NOZZLE LOSSES IN COMPOUND 
TURBINES.” 
To THe Eprror oF ENGINEERING. 

Srr,—Your article on ‘ Nozzle Losses in Compound 
Turbines ’’ (page 607, May 19, 1922) will have interested 
many engineers concerned with fluid motions other than 
those in turbine nozzles or in smooth pipes. It is now 
well-known that the Reynolds function @ (u/p.v.d) 
has a wider field of application than that immediately 
under discussion, and it may be of service to call attention 
to the limited validity of the formula 


R= p.v2 @(uj/p.v.d). - (1) 

The derivation of the formula, based on the theory of 
dimensions, assumes that the resistance R depends 
solely on the factors v, d, p and « quoted in your article 
and on the geometrical form of the similar channels 
considered. hile this assumption is valid, or sub- 
stantially valid, for the flow of nearly incompressible 
fluids at nearly constant temperature, it does not fully 
cover the case for a compressible fluid like steam, moving 
with speeds approaching the speeds of sound, in nozzles 
with steep gradients of temperature and pressure. 

More complicated expressions, including other non- 
dimensional terms, may be deduced to cover more general 
cases ; but for the flow of a nearly perfect gas through 
a turbine nozzle it seems probable that one additional 
term will suffice to give a close approximation to the 
complex general case. This additional term is (v/V), 
where V = ,/7-R.0 denotes the speed of sound waves 
in the steam at absolute temperature @. If we include 
this term, the formula becomes 

R= p.v2 @((ujp.v.d)and(v/V)). . (2) 

The influence of the second term (v/V) is well known to 
ballisticians. When the speed of a projectile approaches 
that of sound, compressive waves are thrown off—much 
like waves from the bows and stern of a ship—and these 
waves carry away energy and add to the resistance. The 
influence of the second term manifests itself before the 
speed v reaches the value V, but increases rapidly in the 
zone of speed where v is nearly equal to V. 

While formula (1) affords no explanation of why the 
efficiency of a steam nozzle should fall off with increase 





of speed beyond certain limits, it is clear that formula (2) 
definitely includes the possibility of such an effect. 





There’ appears to be little, if any, doubt that the addi- 
tionali'losses established by experience are largely due 
to the irregular expansion and to the eddying produced 
by sound waves that echo from side to side of the nozzle, 
through the expanding steam. 
I am, Sir, yours faithfully, 
B. P. HAIGH. 
Royal Naval College, Greenwich, 
May 20, 1922. 


[Whilst it is quite true that the law of the resistance 
of projectiles changes when the speed of sound is 
approached, this does not appear to be the case with 
nozzles, most of which, moreover, are used with steam 
speeds very substantially below that of sound. More- 
over, in @ paper recently published in the Brown Boveri 
Review, Dr. de Freudenreich describes experiments on 
nozzle friction in which the steam speed was far in excess 
of that of sound, and finds that the same laws hold as at 
speeds below that of sound, although as he points out 
the law of the resistance of projectiles does change at this 
critical gs . The conditions, however, are very 
different. When the speed of sound is exceeded, a perfect 
vacuum forms behind the base of the projectile. othing 
analogous occurs in the case of steam flowing through a 
nozzle. We are not quite sure that we understand the 
last sentence of our correspondent, and so refrain from 
criticising it.—Ep. E.] 








“OIL FIRING.” 
To tHE Eprror oF ENGINEERING. 

Srr,—On reading correspondence in your columns 
recently on the above subject of Oil Firing, the question 
of safety or risks in employing firemen without the 
necessary experience seems to be dealt with too lightly, 
if at all. To one who has had long experience in the 
handling of liquid and gaseous fuels, it appears to be due 
to good luck rather than good management that very 
serious accidents have not occurred. Some instruction 
has been printed by some makers of burners, but a few 
further words of warning may be the means of pre- 
venting injury to body and perhaps serious damage to 
valuable plant. 

The greatest risks are when lighting up and immediately 
after, until the surrounding brickwork becomes hot enough 
to reignite the mixture if the flow of oil should fail 
momentarily. Cold air alone passing through would 
have the effect of very rapidly cooling the walls. A 
danger also exists later, even after the “‘ flash’ or surface 
heat stage is passed ; unless the fireman is attentive the 
flame may fail repeatedly, ultimately the brickwork 
becomes too cool further to ignite the fuel with the result 
that the explosive mixture has filled the furnace chamber, 
boiler flues and setting, finally igniting on smouldering 
dust or by a chimney flue working in common with other 
boilers. In burning heavy oils and tars I have found 
it advisable to keep a bed of coke in the furnace. To 
minimise these risks, ready means should be provided 
for shutting off the oil and flooding the flues with steam, 
thus instantly diluting the mixture. 

In many cases keen chimney draught is not conducive 
to economical working, but should be available in case 
of emergency when firing with oil. A small trickling 
through of oil or a leaky valve is usually more dangerous 
than large leakages, as the critical point is more sus- 
tained. One must remember that the best of oils contain 
foreign matter such as grit or water, either of which may 
cause an interruption of supply. 

Excellent results may be obtained by retaining part 
of the grate openings upon which coke may be burned. 
The oil spray inclined downwards at a sharp angle on to 
this solid fuel bed, this incandescent coke would act as a 
pilot light, cause more rapid and complete ignition of the 
oil. The flame so directed on to the coke bed would 
prevent cutting away of the surrounding brickwork. 

Yours truly, 
H. Srarrorp RAYNER. 

Deepdene, Gordon-avenue, East Sheen, 8.W. 14. 

May 16, 1922. 








Sm Joun A. F. Asprinatt, D.Enc.—We note with 
much pleasure that on Friday last, the 19th inst., the 
degree of Doctor of Engineering was conferred, honoris 
causa, on Sir John A. F. Aspinall by the University of 
Liverpool. In the enforced absence of Lord Derby, 
the Chancellor, the ceremony was performed by_the 
Vice-Chancellor, Dr. Adami, who introduced Sir John 
as follows: ‘‘ The life, well-being and happiness of the 
people of this country depend in no small measure upon 
the successful distribution of its produce, its manufactures 
and its imports, and upon a ready communication between 
the different centres of population. John Audley 
Frederick Aspinall, Knight Bachelor, Knight of the 
Order of Leopold, Knight of Grace of the Order of 
St. John of Jerusalem, has devoted his life to the improve- 
ment of internal transport. An able administrator and 
a skilful engineer, he controlled for twenty years one 
of our principal railroads. That railway testifies to his 
initiative, his enterprise, wisdom and courage, marking 
him out as a great —— of the railway industry. 
Though a busy man he gave much time and thought 
to the education and training of those who were to follow 
his own and kindred professions. The Faculty of 
Engineering in our University is indebted to him for his 
help and leadership during many years. With great 
personal charm and a generous nature, he possesses that 
strength of character and purpose which made him @ 
leader of men. Pre-eminent and elect among his fellow- 
engineers he has pointed the way through difficult paths, 
and has contributed to the knowledge, outlook and 
triumphs of his profession. In the name of the Senate 
and Council I present to you John Audley Frederick 





Aspinall for the degree of Doctor of Engineering, honorts 
causa, of this University.” 








May 26, 1922.] 
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“SAFETY” IN RAILWAY OPERATION.* 
By Colonel J. W. Private, ©.B. 


TuHIs paper is an attempt to sketch in outline the 
fundamental principles governing the safe conduct 
of traffic in respect of methods of operation, equipment, 
&c.; to show how accidents originate ; and to suggest 
directions in which these principles require to be either 
extended or reinforced, so that a higher degree of security 
in operation may be obtained. The remarks have 
reference mainly to conditions and practice which pre- 
vail upon British railways. 

During the past three years, the average number of 
collisions reported, in which passenger or goods trains, 
or both, were concerned, was 250; of collisions with 
buffer stops, 42; and of collisions with level crossing 
gates, 255. In the same period, derailments of trains 
and engines have averaged 480 in twelve months ; whilst 
the number of cases of trains dividing reached the figure 
of 8,876 in the year 1921. The casualty list of killed 
and injured in accidents is largely fortuitous, and hardly 
a reliable criterion of potential danger. 

Analysis of Accidents.—It is perhaps only by analysing 
the initial causes of a large number of cases of accident 
of which all the circumstances are known and appre- 
ciated at their proper value, that it is possible to prescribe 
how the present factor of safety can most profitably be 
increased. An examination of some 200 of the more 
serious accidents which have been fully reported upon 
during the past ten years has, therefore, been made, 
and forms the basis for a number of conclusions. The list 
includes every variety of t of accident, and may be 
taken as fairly representative of accidents generally, 
at all events on British railways. 

The first point to be noted from this analysis is that 
about 20 per cent. of the cases originated in failure of 
mechanism, equipment, &c., whilst 80 per cent. were 
directly due to failure of the human agent. It would 
appear, therefore, that there is greater need for addi- 
— safeguards against human than against mechanical 
ailure. 

Mechanical Failures 20 per Cent.—It is only proposed 
to refer briefly to the smaller class of accident arising from 
mechanical failure, which has been divided into three 
groups. The first includes cases which it is thought 
that no reasonable degree of care or forethought could 
have prevented, e.g., derailments and collisions due to 
axles, cables, brake-pumps, &c., suddenly breaking 
down, and to phenomenal climatic effects affecting 
bridges or slopes of cuttings. The proportion of mechani- 
cal failures in this group is 25 per cent., or 5 per cent. 
of all the cases analysed. 

The second group covers one-half of the mechanical 
failures, or about 10 per cent. of the whole. In all these 
cases it is considered that accident could have been 
prevented, either by more careful examination of loco- 
motive fitments, by better ballast, or by brake adjust- 
ment, or by observation or obedience to rules on the part 
of railway personnel in connection with seven cases of 
signal failures. 

In the third group, ill results (in 6 cases) would have 
been prevented if a continuous brake had been in use 
upon goods trains, by better means of detection at facing 
points, or by a more reliable method of warning engine- 
men than by the explosion of detonators. It has recently 
been proved by a number of experiments that, particu- 
larly when two engines coupled together are travelling 
at high speed, the explosion of even a number of detona- 
tors may not be heard by the enginemen. 

Human Failures—Single-Line Cases 6 per Cent.— 
In the larger class of accidents directly caused by human 
failure, it will be interesting to separate those which 
occurred on single lines of railway, especially with a view 
to examining the effectiveness of token working as a 
safeguard against accident. During the ten years under 
survey, only 12 accidents occurred upon single lines which 
called for full inquiry and report. This number, about 
6 per cent. of all the cases investigated, is small, when 
it is remembered that the length of single line track 
mileage is about 20 per cent. of the whole track mileage 
of saliva in Great Britain. It may justly be inferred, 
therefore, that single lines are operated under token 
systems with a higher degree of security than railways 
with two or more tracks. This point is seldom realised, 
though it should be self-evident, since not only does a 
token system bring a dual check upon the actions of 
signalmen and enginemen, but the wayside signalling 
is simpler and, therefore, less liable to be misread by 
enginemen. 

Of the 12 cases examined, 9 are instances of human 
failure of types common to all railways whether double 
or single line. 

There remain three cases for special consideration. 
The first is an instance of a driver leaving a loop station 
on a single line without a tablet token, and passing the 
starting signal at danger, which resulted in a collision 
between two goods trains. The only preventive for a 
case of this description is automatic control at starting 
signals. The second case was also a head-on collision 
between two goods trains caused by two tablets for the 
same section being out simultaneously. In this instance, 
wilful irregular action by the signalmen in connection 
with the regulations for electric tablet working was 
proved, though there was no direct evidence as to illegal 
manipulation of the instruments. The third and most 
recent case, a head-on collision between two passenger 
trains, was caused by slip-shod methods of custody and 
transfer of tablet tokens, which resulted in a token for 
the wrong section being handed to one of the trains ; 
and by neglect on the part of the enginemen to examine 
the token. The irregularities which gave rise to this 
accident originated in the practice of locating the electric 





* Abstract of paper read at the London Congress of 
the Institute of Transport, May 19, 1922. 





tablet instruments in the booking office, instead of in the 
signal box. 

The fact that, in a period of ten years, there have been 
only three cases of accident reported in which token 
working has come under suspicion, permits the legitimate 
conclusion that this method of operating single lines is 
radically sound and reliable. 

It is worthy of note that no case of failure, in the 
direction of danger of any of the various types of electric 
token instrument, was reported. Also that the necessity 
for signal replacers on single lines has not been proved 
by any recent cases of accident. 

Human Failures, Double Line Cases, 74 per Cent.— 
Turning now to the largest class of accident due to human 
failure, i.e., those which occur on railways with more than 
one line of way, the number of cases critically examined 
has been 148. These cover a wide range, and, for con- 
venience, have been divided into three sub-heads :— 


(a) Failures of signalmen 49—about 25 per cent. of 


the whole. 

(b) Failures of enginemen 65—about 33 per cent. of 
the whole. 

(c) Miscellaneous 34—about 16 per cent. of 
the whole. 


Total . 148 


(a) Failures of Signalmen, 25 per Cent.—Failures of 
signalmen lie mainly in the direction of forgetfulness of 
the position of trains or vehicles shunted on to a running 
line ; of neglect to observe that the lines within their 
control are clear of obstruction, or to utilise the informa- 
tion furnished by block instruments of the occupied 
or unoccupied condition of the sections on either side ; 
of thoughtless and over-hasty action in taking for 
granted—sometimes in times of pressure or in bad 
atmospheric conditions—that movements are complete, 
and fouling points of junctions cleared, before authorising 
conflicting traffic movements. Three-quarters of the 
mistakes of signalmen which lead to accident arise from 
the above causes. 

Simple appliances, such as turn-over flaps or collars, 
have been provided to prevent thoughtless use of signal 
levers, and thereby remind men that there is an obstruc- 
tion in advance of the signals. But there have been so 
many instances of men forgetting or failing to utilise 
these aids to memory, that their efficacy is open to grave 
doubt. More elaborate safeguards, such as electric lock 
and block, have been devised and are in common use 
on a number of lines as an additional security to ordinary 
block instrument working. These methods depend on 
the action of treadles or equivalent devices, and necessi- 
tate the use of releasing keys at many places where 
services terminate or shunting has to be performed. 
Familiarity—arising from frequent and regular use of 
the release apparatus—breeds contempt of precaution, 
with the result that irregular and unwarranted use of 
the key leads to accident. There have been six instances 
of this description amongst the accidents investigated. 

The sovereign remedy against this generic class of 
failure is track-circuiting, which provides an all-time 
automatic detection of vehicles in occupation of lines. 
There can, in fact, be no doubt that the more completely 
lines of railway are track circuited, the higher is the 
factor of safety against failures of si men, and the 
greater is the protection against practically 20 per cent. 
of all train accidents. 

The remainder of signalmen’s failures include cases 
of irregular acceptance of two trains at converging 
junctions, and of pulling wrong signal levers ; protection 
against danger arising from mistakes of this character 
may be found in —. outer home signals or addi- 
tional shunting s . There are cases of failure to 
replace signals at er after trains have passed, which 
—. the need for a reliable type of si replacer. 

(6) Failures of Enginemen, 33 per Cent.—The majority 
of accidents due to failure by enginemen, are collisions 
caused by trains passing stop signals at danger, either 
owing to enginemen mistaking which road they were 
travelling upon, and consequently misreading signals, 
or failing to observe, or correctly interpret them. Out 
of 65 accidents due to failure of enginemen, 36 are cases 
of this character. Up to the present there is no generally 
accepted practice of safeguarding these mistakes. It is 
time, therefore, to recognise that protection against 
liability to accident arising from failures of enginemen is 
both natural and necessary in the interests of safety 
and railway operation, and that automatic train control 
is the only possible aid and preventive. It is easy to 
recall the time when locomotive engineers as a body 
were opposed in principle to the attachment of any sort 
of control device upon their engines; when it was 
regarded as an absolutely dangerous proceeding to apply 
the continuous brake fully and automatically ; when it 
was considered im ible to devise apparatus, either 
fixed or movable, which could be relied upon to withstand 
the shock of impact at high speed. Experimental trial 
extending over more than fifteen — has proved the 
fallacy of these opinions, and the practicability of 
appliances of this character. The difficulty nowadays 
lies in the selection of a system from a plethora of devices 
invented for the purpose, and naturally also in finding 
the necessary funds. 

Derailments due to excessive speed on curves where 
restriction of s is prescribed have been few in 
number; four have been reported upon during the past 
ten years. These few cases do not appear to justify 
the inclusion of apparatus for controlling speed as part 
of the scheme of a necessary system of automatic train 
control. It is suggested that an adequate means of 
saf ing derailments on curves, due to high speed, 
will be found by arranging for a warning control device 
at specific points. 

(c) Miscellaneous Failures, 16 per Cent.—The re- 

ining 34 cases resulting from human failure, classed 
as miscellaneous, include accidents (six) to permanent 





way;men, porters, platelayers lorries, which are generally 
due to want of necessary precaution on part of the men 
concerned ; derailments and collisions (nine) caused by 
laek of insufficiency of appliances such as trap points, 
signals and interlocking, or by misunderstanding in 
connection with shunting instructions, telephone messages 
&c.; and accidents (five) arising from irregular methods 
of temporary single line working, the unauthorised use 
of block instruments by telephone operators, from the use 
of an unsuitable type of engine for working passenger 
trains, and from employing uncoupled banking engines 
on sections of line ben there is considerable variation 
in the direction of gradient. For all these the remedy in 
each case is,obvious. Several cases of accident have 
shown that a system of treadles in combination with 
manual signalling is unsatisfactory for operating a 
frequent service of electric trains, and it has been 
necessary to substitute an up-to-date method of auto- 
matic signalling with train-stop control. 

The general conclusion drawn from the analysis of 
the 200 accidents during the past ten years is, that 
preventive or beneficial effect would have resulted by 
means of :— 


Automatic train control in 33 per cent. of the cases. 
Track circuiting in 20 per cent. of the cases. 
Continuous beakes upon goods trains in 10 per cent. 
of the cases. 
Better methods of working or equipment, &c., in 
10 per cent. of the cases. 
By a care and precaution on the part 
of personnel in 17 per cent. of the cases 90 
per cent. 
Leaving a number of cases which may 
reasonably be described as unprevent- 
able—10 per cent.... eee - 





100 
per cent. 


The beneficial effect likely to be exercised upon safety 
in railway operation by the use of continuous brakes 
upon goods trains cannot be appreciated without 
into consideration other statistics than those furnish 
by an examination of the accidents officially inquired 
into. It has been mentioned that, in the year 1921, 
there were 8,876 cases of trains dividing. Of these, 
6,354 were concerned with goods trains, and 2,522 with 
passenger trains. The accidents resulting from these 
cases of division were 50 and 5 respectively. The 
liability to accident from division appears therefore to 
be four times as great in the case of unfitted trains. 
It is estimated that, in the 50 cases of accident due to 
goods trains dividing, more than half would have been 
revented by use of a continuous brake. A number of 
evel crossing accidents also yearly result from difficulties 
experienced in controlling, or by misjudgment of braking 
effect upon, unfitted trains. hese would also be pre- 
vented by the use of a continuous brake, Apart 
altogether from the increased capacity upon lines of 
railway which would result from the use of continuous 
brakes upon goods trains, it may be noted that the 
cost of introducing an acceptable system of automatic 
train control will be approximately doubled by the 
fact that the large om of goods trains are unfitted 
with a continuous brake. 

The advantages in the direction of safety to be 
obtained from the use of continuous track circuiting, 
automatic signalling, and train control, are evidenced 
by the experience obtained upon electrically-operated 
surface, underground and tube lines in London during 
the past seventeen years. The methods employed utilise 
to the fullest extent the main principles required for safety 
in ener Seen viz., adequate signalling and inter- 
locking, both mechanical and electrical, the automatic 
preservation of an adequate interval of space between 
trains by train-stop control with sufficient overlap, and 
pow continuous brakes. The progress towards ideal 
safety conditions has, therefore, been more rapid on these 
lines than on other railways during recent years. 

Notwithstanding the criticisms of existing arrange- 
ments and the suggestions that have been made for 
improving “safety” conditions, it is readily acknow- 
ledged that a high degree of immunity from accident 
has already been obtained upon railways in this country. 
For this the responsible officers of British railways 
deserve the highest credit. It should be understood, 
therefore, that this paper has been written rather with 
the view to future pro; in the direction of “ safety ” 
than as an adverse criticism of present conditions. 





New APPOINTMENTS AT THE TECHNICAL COLLEGE, 
BrapFrorp.—Recent appointments to the staff of th 
Technical College, Bradford, include Mr. R. E. Stradling, 
M.Se., A.M.I.C.E., A.M.Amer.Soc.Eng., as head of the 
Department of Civil Engineering in the college, and Mr. 
Henry J. B. Chapple, B.Sc.(Engineering), A.C.G.I., 
Whitworth scholar, as lecturer in electrical engineering. 
Mr. Stradling was formerly at Bristol University, and 
is now lecturer in civil gees, | in the University of 
Birmingham. During the war he was captain and 
adjutant, Divisional Engineers, with the British Ex- 
peditionary Force. He has, since 1918, been engaged on 
research in connection with the testing and use of cement 
the investigation of fire-proof construction in building 
(in conjunction with Professor F. C. Lea) and on the 
physical properties affecting strength, weathering, fire 
protection of materials used in building work. Mr. 
Chapple is at present undertaking post-graduate work 
in wireless telegraphy and telephony at the City and 
Guilds of London College. He obtained the — 
of B.Sc.(Engineering) with first-class honours at London, 
and was awarded a Whitworth scholarship in 1918. He 
was for some years engaged in practical electrical work 
at Portsmouth. 
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A FURTHER STUDY OF THE ALLOYS OF 
ALUMINIUM AND ZINC.* 
By D. Hanson, D.Sc., Member, and Marre L. V. 
Gayter, M.Sc., Member. 
(From the National Physical Laboratory.) 
(Concluded from page 540.) 

The Constituent Beta.—The actual constitution of 
the phase f is not known. The constitution of inter- 
mediate solid solutions of this kind is a question which 
will have to be reconsidered in the light of modern 
knowledge of the structure of crystals. The solid solu- | 

, 





Fie. 16. x 600. 77 PER CeENT. ZINC. 
QUENCHED FROM 370 pea. Cent. EroHEepD 
14 MINUTES AFTER QUENCHING. 





Fra. 
QUENCHED FROM 370 pga. Cent. ETCHED 
5 MINUTES AFTER QUENCHING. 


18. x 600. 


77 


PER CENT. ZINC. 


1 
Eton 4 per CENT. 


tions at either end of a binary diagram possess the space 
lattice of the predominant metal—in the present case 
the a constituent possesses the space lattice of zinc, 
and the y solid solution that of aluminium. The 
formation of an intermediate constituent implies an 
atomic rearrangement, produc’ng a new space lattice 
different from that of either metal. As Rosenhain has 
indicated, the addition of one metal to another produces 
a distorted space lattice. In the case of some pairs of 
metals, which possess the same lattice, this distortion is 
never sufficient to render the atomic arrangement un- 
stable, even up to a concentration of 100 per cent. of 
added metal. In other cases, the lattice becomes un- 
stable when the percentage of added element exceeds a 
certain amount, which varies with the temperature, and 
a new lattice, i.¢., a new constituent, is formed. This 
determines the limit of solid solubility. The new lattice 
may be that characteristic of the added metal, as in 
the case of the alloys of a simple eutectiferous series in 
which any alloy consists of one or both of the simple 





* Abstract of a per read before the Institute of 


Metals, on Thursday, March 9, 1922, 
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Fie. 19. 
QUENCHED FROM 370 pea. Cent. ETCHED 


AtconoLtic HNO, 


solid solutions of the two metals. In some systems, 
however, an intermediate phase is formed, which is 
physically distinct from the simple solid solutions 
characteristic of the two metals. Such a phase must 
possess a space lattice which is essentially different from 
that of its neighbours in the equilibrium diagram. 
In some cases, as, for example, in the magnesium-tin 
series of alloys, such a phase is found to be a definite 
chemical compound of the two metals, in which either 
metal may be dissolved. In such systems, the com- 
pound has the definite characteristic properties associated 
with pure substances—thermal, physical, and mechanical 





properties—and the existence of the compound is capable 


17. x 600. 77 PER CENT. 
QUENCHED FROM 370 vpEG. CENT. 


ErcHep 2 MINUTES AFTER QUENCHING. 


x 600. 77 PER Cent. ZINC. 


0 MINUTES AFTER QUENCHING. 


be 
Fic. 21. 


to 400 pec. Cent. QUENCHED IN WATER, SHOWING 
PARTIAL DECOMPOSITION OF y. 


of definite proof. It can, as a rule, be 
isolated in a pure state and identified. 

In other systems of alloys no such evi- 
dence of a chemical compound can be found, 
and the constitution of the intermediate 
phase in such cases cannot be determined 
from the equilibrium diagram alone. The space lattice 
is one which requires the presence of both metals, 
but the authors see no reason to suppose that it is 
necessarily the type of space lattice characteristic of a 
definite chemical compound. In the present state of our 
knowledge of this subject, it is not possible to offer a 
definite opinion as to the constitution of such a phase. 
There does not, however, appear to be any adequate 
reason for considering it to be essentially a chemical 
compound of the two metals. 

The § constituent of this series must be considered 
to be such an intermediate constituent. No alloy 
composed of this phase possesses the thermal properties 
associated with chemical compounds, and the existence 
of the compound AloZnz is therefore definitely disproved. 
At the same time, attention must be drawn to two 
features of the §8-phase field. The point G, which 














Fre. 20. 
370 pec. Cent. EtcHEep 3 MINUTES AFTER QUENCHING. 


represents the composition of the 8-phase at the moment 
of its formation, occurs at a composition of approxi- 
mately 71 per cent. of zinc, which is practically identical 
with the composition of the compound AlZn (70-7 per 
cent. zinc). 

An alloy of this composition is only homogeneous at 
the temperature of its formation, and deposits y at 
lower temperatures, a fact which renders the existence 
of a definite compound improbable. 

The second point of interest is that the composition 
represented by the eutectoid point K is, within the 
limits of experimental error, the same as that of com- 
pound AloZnz (78-4 per cent. of zinc); in this case, the 
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} manner in which the alloy melts is characteristic of a 
| solid solution, and not of a chemical compound. 

Stability of the Constituent Beta.—It was observed, 
in experiments which are described in the second part 
of this paper, that certain quenched alloys evolved 
heat very rapidly after they had been quenched from a 
temperature at which they consisted wholly or largely 
of the 8 constituent; the amount of heat so liberated 
was, in some cases, sufficient to raise the temperature of 
the sample to about 50 deg. C. This evolution of heat 
could only be explained by assuming that the eutectoid re- 
action at 256 deg. C. could not be entirely suppressed at 
atmospheric temperature. Experiments were therefore 
undertaken with a view to ascertaining the changes 
in microstructure that accompanied this spontaneous 
heating. For this purpose, an alloy containing 77 per 
cent. of zinc was chosen, and it was found that in this 
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alloy heat was evolved for a period of approximately 
13 minutes after it had been quenched. Previously 
polished samples were therefore heated for 10 minutes 
at 370 deg. C., and then quenched in ice-cold water. 
One sample was rapidly repolished and examined as 
quickly as possible (14 minutes after quenching), and the 
others were examined at intervals of 2 minutes, 5 minutes 
and 10 minutes respectively after the alloy has been 
quenched. The microstructures are shown in Figs. 
16 to 19. Fig. 16 shows the homogeneous structure of 
the quenched § constituent 1} minutes after quenching. 
Fig. 17 shows the structure of this alloy 2 minutes after 
quenching, and it is seen that a duplex structure now 
exists. "The dark etching portions in this photo- 
micrograph probably represent an extremely fine mixture 
of a and y particles produced as a result of the decom- 
position of the 8 constituent. Such a constituent is 
probably similar in its character to the troostite and 
sorbite of carbon steels, which consist of intimate 
mixtures of ferrite and iron carbide formed below the 
normal eutectoid temperature of the solid solution. 
Fig. 18 represents the structure 5 minutes after quench- 
ing; the decomposition of y has proceeded much 
further, and has commenced in almost all parts of the 
alloy. The light etching areas probably represent 
portions of the unchanged 8. Fig. 19, which represent 
the structure 10 minutes after quenching, shows that 
decomposition has by this time extended to the whole 
of the alloy, though of course it is not certain that at 
the end of this time the reaction has proceeded to com- 
pletion. In another specimen, which had been etched 
3 minutes after quenching, the extent to which the de- 
composition of 8 had taken place appeared to vary very 
much from crystal to crystal, after the manner shown in 
Fig. 20. 

The discovery of this spontaneous decomposition of 
the 8 constituent offered an explanation of a number of 
facts previously observed by the authors. It will be 
observed, for example, that in Figs. 8 to 11 the 8 
constituent has a mottled appearance; in none of the 
alloys which they had previously examined could 
the crystal structure of the 8 constituent be developed, 
even when the alloy consisted wholly of 8. The ex- 
planation is, of course, that by the time the quenched 
alloys had been polished and etched, the decom- 
position of the § constituent into a plus y was 
complete. 

A similar spontaneous decomposition can probably 
take place in alloys consisting wholly of the y solid 
solution. The authors have not carried out any ex- 
haustive experiments with alloys consisting of this 
constituent, but certain observations which they have 
made suggest that a similar decomposition can, under 
suitable circumstances, take place in these alloys also. 
In a few cases abnormal microstructures have been 
encountered, which could not be repeated, and which 
did not conform to the general microstructure of neigh- 
bouring alloys that had been similarly treated. For 
example, in the case of the alloy containing 50 per cent. 
of zine, quenched from 400 deg. C., the microstructure 
shown in Fig. 21 was obtained. Such a microstructure 
suggests a deglex structure, but this did not conform 
to the constitution indicated by a study of neighbouring 
alloys, and further experiments showed that it did not 
represent the constitution at the quenching temperature. 
When the same alloy was requenched in ice-cold water and 
was carefully polished and etched, it was found to be 
completely homogeneous. It can only be assumed that 
the duplex structure observed was due to decomposition 
of the + solid solution, either as a result of insufficiently 
severe quenching, or as a result of spontaneous decom- 
position, probably through local heating during grinding 
or polishing. A few observations on alloys within this 
range of composition have shown that they are micro- 
graphically stable at room temperature for a few days, at 
least, after quenching. 


Part II,—AGE-HARDENING. 

The constitution of the alloys of this system is one 
which, it was expected, would render them particularly 
susceptible to heat-treatment, and in particular, under 
suitable conditions, to the phenomenon known as age- 
hardening. In the first place, the 8 constituent, which 
is found in alloys containing from 99 to 36 per cent. of 
zinc, is unstable at atmospheric temperature, and, 
indeed, has been shown to undergo spontaneous decom- 
position at that temperature. he + constituent, also, 
is unstabie at room temperature over a wide range of 
composition: at 440 deg. C. alloys containing from 
0 to 70 per cent. of zine consist entirely of y. At 256 
deg. C the +y constituent only extends up to 36 per cent. 
of zinc, while at room temperature it extends to less than 
20 per cent. of zinc. Alloys containing 20 to 70 per cent. 
of zinc may therefore be quenched from a temperature 
at which they consist entirely of y and, by suitable 
treatment, decomposition of this y can be induced, 
with the separation, above 256 deg. C. of 8; and 
below this temperature of a. If this separation can 
take place at room temperature, the alloys would be 
expected to possess the property of age-hardening ; 
the extent to which this separation can take place at 
room temperature will determine the amount of age- 
hardening, and the stability of the age - hardened 
material. 

Age-Hardening of the Constituent Beta.—Alloys con- 
taining 81 and 79 per cent. of zinc were submitted 
to @ prolonged period of annealing at 360 deg. C., in 
order to secure uniformity of composition. Samples 
of these alloys were then reheated to 360 deg. C., at 
which they consist entirely of 8, and were quenched 
in water. The hardness of the quenched alloys was 
Tm immediately, and at short intervals for some 
time after they had been quenched; the results are 
plotted in Fig. 22. A rapid increase of hardness is 
observed in both cases, and the hardness attains a maxi- 





mum in a period of 5 minutes in the case of the alloy 
containing 81 per cent. of zinc, and 6 minutes in the case 
of the alloy containing 79 per cent. of zinc. The hardness 
falls again after this maximum has been reached. 
Similar samples of these alloys, in which a small hole 
had been drilled, were quenched from the same tempera- 
ture, and, immediately after quenching, they were 
removed from the water, a thermo-couple was inserted 
in the hole and the specimen was wrapped in a cloth. 


Fig. 22. 
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Time-temperature curves were then taken; the results 
are plotted in Fig. 23. It will be seen that the tempera- 
ture rises fairly rapidly, and reaches a maximum in 
approximately the same time as does the hardness, 
The similarity between the curves representing the rate 
of hardening and the increase of temperature is striking, 
and justifies the conclusion that the increase in hardness 
is the direct result of the decomposition of the 8 con- 
stituent, and the substitution of an extremely fine duplex 
structure for one consisting of relatively large homo- 
geneous crystals. The fall in hardness after the maxi- 
mum has been reached can be explained by the supposi- 
tion that the a and § particles coalesce spontaneously 
at the temperature of the alloy. 

Further experiments were undertaken with a view to 
ascertaining the rate of hardening when the alloy was 
maintained at a somewhat lower temperature, namely 
0 deg.C. In the previous experiment the rapid evolution 
of heat, due to the decomposition of 8, raised the tem- 
perature of the alloy to about 50 deg. C., and the rate 
of decomposition would be expec to increase as a 
result of this increase in temperature. In a similar 
series of alloys, which were kept at 0 deg. C. after quench- 
ing by immersion in ice-cold water, the rate of hardening 
was found to be considerably reduced. Results of the 
experiments are plotted in Fig. 24. The curves are, 
however, of the same character as those previously 
obtained, but the time required to complete the reaction 
is greater. The small auavem represents the effect 
of prolonged ageing, and shows that after the maximum 
has been reached the rate of softening is fairly rapid, 
and that all the alloys have attained a constant hardness 
after about 4 days. 

The Constituent Gamma.—A series of alloys containing 
from 60 to 20 per cent. of zinc was prepared and similarly 
treated, the quenching temperature ir this case being 
430 deg. C. The alloys containing 20, 25 and 30 per 
cent. of zinc age-harden spontaneously at 0 deg. C. 
This age-hardening was quite — and the greater 
oe was complete within the first hour after quenching. 

n the case of the alloy containing 20 per cent. of zinc, 
the hardening was but slight, but in the case of the other 
alloys, it was quite appreciable. The results are plotted 
in Fig. 25. Alloys containing from 35 to 60 per cent. 
of zinc were not found to age-harden spontaneously at 
0 deg. C. within a period of 3 or 4 days, and it is suggested 
that this difference in behaviour is due to the somewhat 
different constitution of the alloys. Below 35 per cent. 
of zinc the alloys, on cooling, normally deposit a from 
the y solid solution. With higher percen of zinc 
they deposit the 8 constituent, which athe 
decomposes at 256 deg. C. into a + y. It appears 
— e that, in such alloys, the direct deposition of a 
rom solid solution would not take place so rapidly 
as in the case of the alloys with lower zinc content. 
At a slightly higher temperature, however, this separa- 
tion would be induced ; evidence of such a change was 
found in the case of the 50 per cent. alloy, which, after 


quenching, was stored at a temperature of 100 deg. C. 
The hardness rose rapidly during the first 10 minutes, 
from 100 to 134, after which it gradually became less 
(see Fig. 25). 

In conclusion, the authors wish to thank those of their 
colleagues on the staff of the National Physical Laboratory 
who have, in various ways, assisted them in this work ; 
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in particular, Mr. P. Ward, B.Sc., and Miss A. M. O’Hea, 
who have analysed all the alloys used. They also wish 
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to express their thanks to Dr. W. Rosenhain, F.R.8., 
for his interest in this work, with which he has been in 
close touch ; his advice, and the general encouragement 
he has given them, have been very helpful, and are 
greatly appreciated, 





Tue British Cast Iron Researcn AssocraTion.— 
We are informed by this association that in connection 
with the International Foundry Exhibition to be held 
at Bingley Hall, Birmingham, from June 15 to 24, a 
National Foundry Competition will be held. There 
are to be three classes, according to the work to be done. 
Class A will apply to the making of the best core for light 
castings, medium and heavy castings. Class B will deal 
with the making of the best mould in floor moulding, 
two-part work moulding and three-part work moulding. 
Class C is set apart for making the best pattern to a 
blue print design, there being e sections open to all 
over 21 years of age, under that age and to students 
at any technical school. Prizes varying from 5l. 5s. 
down to ll, 1s. will be distributed, also a diploma to the 
winner of the first prize in any section. All entries, 
marked on the outside, “‘Competition,”’ are to be for- 
warded to Mr. Th. Vickers, Hon. Secretary, Technical 
Advisory Committee of the Association, Central House, 
75, New-street, Birmingham. 





CALCULATION oF DisHED PLates.—The calculation of 
the stresses in dished end-plates of boilers involves serious 
difficulties, which many engineers do not think it worth 
their while to face, cause the final results are of 
questionable value. Engineers have found that these 
plates may bear much higher stresses than theory would 
admit. The subject hes not been neglected, however. 
The late Dr. Ing. Huldrich Keller, of Ziirich, pro- 
posed, in 1912, a new method for the approximate 
calculation of the strength of such plates, and after- 
wards extended this method to the case of locomo- 
tive boiler end-plates varying both in thickness and 
in curvature. As regards spherical shells, Dr. Bolle, 
likewise of Zirich, suggested in 1916 a simpler method, 
involving the integration of a differential equation only 
of the second degree. Keller recently supplemented 
Bolle’s method, but he died before he could publish this 
work, which his colleague, Mr. R. Dubs, chief engineer 
to Messrs. Escher Wyss and Co., has edited, under the 
title “ Berechnung Gewdlbter Boden” (Leipzig-Berlin: 
G. Teubner; price 2 francs Swiss). In this pamphlet 
of 43 pages, Keller shows how, with the aid of formule 
and curves, the calculations can much be simplified, 
and how they may be made in definite cases. The 
problem remains somewhat laborious. Diagrams are 
given to show how the flanges of the end plates and 
cylindrical plates should be joined, and how joints in 
steam turbines should be made where steam ports have 
to be placed near those joints. 
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EXPERIMENTS ON MERCANTILE SHIP 
MODELS IN WAVES.* 
By Mr, J. L, Kent. 
Summary. 

§1. Aw investigation on experimental lines of the 
problem of ship resistance in waves was approved by the 
Advisory Tank Committee in 1920, and carried out at the 
William Froude National Tank the following year. A 
wave-maker had been designed and installed at the 
tank during the late war, in connection with certain work 
for the Admiralty, and this apparatus was presented to 
the Laboratory by the Lords Commissioners of the 
Admiralty in 1918. The model experiments described in 
this paper were carried out with the object of deter- 
mining to what extent the resistance of a low-speed cargo 
ship is increased by ing “head on” to waves of 
various lengths and heights. The behaviour of the 
models as regards pitching in waves and the effect on 
resistance of certain changes in form of the fore end were 
also determined. Regular waves of different lengths 
and heights were created, in the tank by means of a 
specially-designed wave-maker. The models were then 
towed through these waves by the travelling carriage at 





Fig.7. DIAGRAM OF WAVE-MAKING APPARATUS. , 
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connects its upper end to a crank arm, which it is possible 
to adjust to give any length crank from 1 in. to 12 in. 
This arm is rotated by means of a belt drive from a 
5-h.p. compound-wound direct-current electric motor 
driven off the circuits used by the travelling carriage. 
The supply to these circuits is on the Ward-Leonard 
system, and gives a very accurate adjustment of revolu- 
tions of the motor. A counter with a large dial for 
recording the number of flap oscillations completes the 
apparatus. 

hen in operation, the flap is oscillated backwards and 
forwards on its hinges, and a series of water-waves are 
created in the tank on each of its sides. Those on the 
south side are immediately broken up on the beach just 
behind the flap, while those on the other side travel along 
the whole length of the tank in accordance with the 
natural laws governing the propagation of gravity 
controlled waves, and after reflection from the north 
end, travel back again to their starting-point, where 
they are allowed to break up on the beach—the flap 
being turned down under the water for this purpose 
after a predetermined number of waves have been 
created. The length of these waves is governed by the 
speed of the motor, and the height by the length of the 
crank arm, both of which can be very accurately adjusted. 
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Fig.2. DIAGRAM OF APPARATUS FOR MEASURING RESISTANCE AND PITCHING 
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different speeds in exactly the same manner as for 
ordinary smooth-water experiments, and continuous 
records were taken of the resistance and pitch during 
each experiment. Descriptions of the apparatus and 
model are given in the first part of the paper, and various 
conclusions have been drawn from the experimental 
results (§ 14). Previous work on this subject is contained 
in a paper by R. E. Froude, in the Transactions of this 
Institution for 1905, and the experiments here described, 
where comparable with Froude’s are in general e- 
ment, but being made with much larger models (the 
displacements being 85 Ib. and 1,400 lb. respectively) 
certain features not shown by Froude have been brought 
out and explored. 


PART I.—Meruop or Wave Propuction anp WAVES 
PRODUCED IN THE TANK, WITH 4 DESCRIPTION OF THE 
RECORDING APPARATUS FOR MEASURING THE ReE- 
SISTANCE AND PITCHING. 


§2. Description of Wave-Maker.—The wave-maker 
(see Fig. 1, above) consists of a wooden flap with a 
rfectly flat face, 28 ft. long and 3 ft. deep, braced at its 
ack to withstand distortion and to obtain rigidity along 
its length. This flap is placed transversely across the 
tank and hinged along its lower edge to a steel framework 
secured across the south end of the tank and fastened 


With this apparatus it has been found possible to pro- 
duce a regular train of waves in the tank of uniform 
length and height, and both the length and height can be 
varied within the limits given in §5. By a periodic 
variation in the motor voltage, which is possible by 
the system of control used, certain other groups of 
waves with parallel crest lines but of irregular lengths 
and height can also be produced and are described 
in § 6. 

§ 3. Description of Recording Apparatus for Measuring 
Waves and Model Resistance, &-c.—Fig. 2 gives a diagram- 
matic representation of the apparatus used to measure 
the model resistance, speed, pitching period and maxi- 
mum pitching angle. The model was towed through the 
water by the travelling carriage by means of a towing 
rod T, and its resistance was recorded by the dynamo- 
meter in the usual way.* A dashpot was at first used to 
damp the oscillations of the dynamometer spring §, 
but was afterwards discarded, as it was found possible 
to obtain good resistance records without it. The model 
speed was recorded by time and distance pens on the 
same sheet as the resistance, in the usual way adopted 
for smooth-water experiments. Guiders were used 
forward and aft to prevent yawing. Each of these 
guiders consisted of a pair of horizontal steel rollers, 





to the walls, so that the line of the hinges of the flap is 
27 in. below the water surface. Rigidly attached to the 
flap at the centre of its length is a 2 in. by 4-in. timber 
projecting 5 ft. upwards and an 8 ft. connecting rod 





* Paper read before the Institution of Naval Architect 





ttached to the model with their axes pivoted in a fore 
and aft line. Long vertical steel rollers on ball bearings 
were secured to the carriage and passed between each 
= of horizontal rollers with about ,j; in. clearance. 
he model was thus unrestricted so far as pitching was 
concerned, and it could also roll to about 30 deg. and 
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* See description of Tank, Trans. I.N.A., vol. liii. 





move fore and aft within certain limits under the influence 
of the waves. 

To measure the pitching period of the model and its 
maximum pitching angle, two light vertical rods, A and B 
(Fig. 2), supported at their upper ends by balanced, 
hinged frames, were connected to the model at their 
lower ends, A being directly over the centre of gravity 
and B 18 in. forward of it. The difference between the 
rise or fall of the rods A and B was a direct measure of 
the longitudinal angle of the model at any instant. This 
difference was given by the movement of the bell crank 
lever C, which was pivoted to the upper end of rod A, 
with one arm in contact with rod B, while the other arm 
actuated a pen, which recorded its movement on a 
drum A time pen E recorded half-seconds on the 
same drum, and from these records the pitching period 
and maximum pitching angle of the model were deter- 
mined. The bodily rise and fall of the model was taken 
for one set of experiments, by recording the maximum 
movement of rod A. 

$4. Experimental Determination of Natural Pitching 
Period of Model in Air.—Before making any experiment, 
the model was first accurately ballasted and trimmed to 
alevel keel. The ballast was so adjusted that the centre 
of gravity was at the towing-point G (Fig. 2), this being 


Fig.4. 
EFFECT OF SHIP SPEED ON RESIST- 
ANCE AND PITCHING IN WAVES. 


WAVES OF CONSTANT LENGTH 
OF WAVES AS GIVEN 
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Ship Speed tn Knots. 


ensured by a series of inclining experiments. As the 
fore and aft distribution of the ballst affects the pitching 
period of the model, its natural pitching period in air 
was determined experimentally after each set of experi- 
ments in the following manner. The fully-loaded model 
was slung from a rigid steel beam, which was hung 
from two vertical 3-in. steel rods, 8 ft. long and 6 ft. 
apart, and the period of oscillation in a horizontal plane 
measured. The period obtained gives the model’s 
natural pitching period in air, the correction for the 
inertia about a longitudinal axis being negligible. * &' 
§ 5. Wave Calibration.—Before carrying out resistance 
experiments with models in waves, an exhaustive set 
of experiments for measuring the heights and periods of 
the waves produced in the tank at different motor speeds 
and crank arms was necessary. The apparatus used for 
this calibration consisted of a cylindrical hollow float of 
1 in. diameter and 3 ft. length, which floated on the water, 
with its axis horizontal and transversely across the tank. 
By means of the pitch recording gear already described 
the vertical rise and fall of the float due to the p e 
of the waves was communicated through the rod 
(Fig. 2) to the pen recording on the rotating drum D, 
time records also being taken. The float was immersed 
about } in. and was free to rotate about its longitudinal 
axis when acted upon by the orbital motion of the water 
particles. The periods and heights of the waves were 
recorded at three positions along the central 200 ft. length 
of the tank, for all crank radii between 1 in. and 12 in. 
for wave periods between 0-8 second and 2-4 second. 
Over this length of the tank no measurable variation 
in wave height or period occurred. The flap period was 
measured at the same time by stopwatch, and @ very 
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close agreement was obtained between the period so 
found and the wave period measured by the float in 
all the positions tried along the tank. It was therefore 
assumed that any variation in period as the wave travelled 
along the tank was well within the limits of experimental 
error, and that the flap period measured by stopwatch 
could be taken as a true measure of the period of the 
waves created. As expected, it was found that the wave 
period and height varied for a few waves at the front and 
rear of a group, in accordance with the hydrodynamical 
laws governing their propagation. These waves were 
neglected in the calibration, and no record was taken in 
the subsequent resistance experiments during their 
passage past the model. In order to determine the 
shape of the waves produced, the time pen on the cali- 


bration drum (Fig. 2) was replaced by a reed pen con- | 


trolled by a tuning-fork, which was kept in vibration 
electrically. Typical groups of waves were sent down 
the tank, and the drum D (Fig. 2) rotated very rapidly. 
By this means it was possible to measure with con- 
siderable accuracy the height of the wave as it moved 
past a given point, every 1/180th second, and assuming 


2 
the wave-length to be given by (where 7 is the wave 
us 


period), the wave shape could be drawn. A wave 
profile so obtained is given in Fig. 3 and compared with a 
trochoid of the same height and length. From this com- 
parison it will be seen that the waves were practically tro- 
choidal, but with somewhat steeper rear slopes. It has 
been found possible by adjusting the crank arm and motor 
voltage to produce such waves with lengths varying from 
3 ft. to 30 ft. having any desired height between the limits 
of lin.and6in. For the short length waves of greater 
height than about 7 in., the crests broke, and as it became 
impossible to measure the height by the above apparatus, 
such groups of waves formed the upper limit of the wave 
calibration. The waves poolae varied in length 
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from 3 ft. to 30 ft. and as the depth of the tank is 12 ft. 
3 in. to the water surface, it was realised that the velocity 
and period of the longer waves might be influenced by 
the depth. As such influence affects the length less than 
1 per cent. theoretically for 30-ft. waves (see Table I), 
no measurable difference in period was expected or 
obtained experimentally over the range tested. 


TasBie I.—JInfluence of Depth of Water on Wave Velocity. 








Velocity for Infinite | Velocity for 12-ft. 
Wave-Length. Depth. Depth. 
t. f.s. fs, 
12-57 8-02 8-02 
15-08 8-80 8-80 
18-85 9-83 9-83 
21-54 10-50 10-48 
25-13 11-33 11-27 
30-16 12-42 12-34 
37-70 13-90 13-64 











The orbital velocity of the water particles at the surface 
was considerable, especially for the higher waves of short 
length. It was for this reason that the rotating cylin- 
drical type of float was used for wave-recording, as any 
attempt to use a fixed float resulted in the water piling up 
over it and submerging it. No actual experimental 
measurement of the orbital velocity has been made, but 
Table II gives the theoretical values of these velocities 
for the surface particles, assuming their orbits to have 
been circles, which is believed to have been approxi- 
mately the case. This orbital velocity is of some 
importance in the case of the longer waves, as it affects 
the surging of the ship with a following sea. 


Tasre II.—Orbital Velocity of Surface Water in Feet per 
Second. 

















Wave-Length. 
Wave-Height. 
5 ft. | 10 ft. | 15 ft. | 20 ft. | 25 ft | son 
2 in. 0-53 0-37 | 0-31 | 0-27 | 0-24 | 0-22 
4 in. 1-05 | 0-75 | 0-61 | 0-53 | 0-47 | 0-43 
6 in. 1-58 | 1-12 | 0-92 | 0-79 | 0-71 | 0-65 
8 in. 2-12 | 1-50 | 1-23 -06 | 0-95 | 0-87 








§6. Waves of Varying Length and Height.—Regular 
trains of waves of uniform length and height can be 





| 








created in the tank by keeping the motor driving the | 





wave-maker at constant revolutions. A system of 
uaiform length waves of varying heights can be produced 
by first creating a uniform group of short low velocity 
waves, and then by suddenly dropping the motor voltage, 
a second uniform group of somewhat longer waves 
can be formed. The second group overtakes the first, 
and the resulting system contains waves which have 
parallel crest lines, are uniform in character, and vary 
regularly in height from a minimum to a maximum. 
The number of waves between successive maxima depend 
on the relative wave-lengths of each of the two primary 
groups generated. An infinite variety of such resultant 
wave systems can be created, by sending down the tank 
in succession, two, three or more such primary wave 


Taste III. 
Principal Equivalent 
Dimensions Dimensions 
of for 
Models 400-ft. Ship. 
Length B.P. .. 16 ft. 400 ft. 
Breadth ee 2-08 ft 62 ft. 
Load draught .. 0-88 ft 22 ft. 
Load dis ment 1,402 Ib 10,000 tons 
Length of entrance 4-8 ft. 120 ft. 
Length ofrun .. 6-4 ft. 160 ft. 
Len of parallel 4-8 ft 120 ft. 
Free oe 6 in. 12 ft. 6 in 
Prismatic coefficient 0-773 0-773 
Position of C.B.— 
Forward of 0-17 ft. 4-23 ft. 
Above keel .. 0-46 ft. 11-5 ft. 
C.G. below L.W.L. 1 in. 2 ft. Lin 
Transverse G.M. 0-533 in. 1-11 ft. 
Longitudinal G.M. os 18-32 ft. 458 ft 
Natural pitching period— 
1 ee ee oe 0-97 sec. 4-85 secs 
2 1-22 secs. 6-11 secs 
3 1-42 secs. 7-09 secs 





groups in such order that each succeeding train of waves 
overtakes those preceding them. If the maximum wave 
height cotmiek in the resultant system becomes too 
great, ibe wave breaks and spoils the one following it, 
which in turn affects the succeeding waves. Anirregular 
confused sea of low wave height is then formed. A 
different type of irregular sea can be created by con- 
tinuously changing the motor speed in a regular manner. 
The rough water generated by this means has no regular 
pattern such as that produced by the methods already 
described, but each wave appears to be continually 
changing its height, and any one wave is unlike the 
succeeding one. Although of such a variable character, 
it is possible to reproduce this sea again and again with 
considerable accuracy, by a careful timing of the periodic 
fluctuation of voltage applied to the wave-maker motor. 


PART ITI.—Form or Mopets TesTeED AND ExPERIMENT 
RESULTS. 

§ 7. In all the experiments described in this section 
the model was towed “‘end on” to the waves, and no 
attempt was made to measure its resistance when running 
across them. In the “head on” e riments, after a 
sufficiently large group of waves had been generated, 
the carriage towing the model was started from the 
opposite end of the tank to the wave-maker, so that the 
model was towed through the advancing waves. For the 
“following wave ” experiments, the carriage was started 
about 200 ft. from the wave-maker, after alittle more than 
this length of tank had been filled with waves, and the 
model towed in the same direction but at a lower speed 
than that of the individual waves. Continuous records 
of the model’s resistance, speed, pitching angle and period 
were taken automatically during each experiment, and 
notes were made of its general behaviour. 

The experiments had for their object :— 

(1) The determination of the increase in the resistance 
of the conventionally shaped low-speed cargo ship, in 
waves of different height and length, over its resistance 
in smooth water. 

(2) A comparison of the effect on resistance and sea 
qualities, of V and U-shaped bow sections. 

(3) Effect of flare of forward bow sections above water, 
on the ship’s sea-keeping qualities. 

(4) Effect of ship speed and wave-length on the pitch- 
ing period, and the maximum pitching angle developed 
in a uniform sea. 

(5) Effect of different longitudinal distribution of 
loading of ship on resistance and pitching. 

§8. Form and Dimensions of Models Tested.—The 


experiments were carried out on three models, each of | 











the dimensions in Table III and of the lines given 
below. The curve of transverse areas of sections was 
the same, hence the longitudinal position of the centre 
of buoyancy and centre of gravity were identical. The 
vertical position of the centre of gravity was kept at the 
same height above keel in each model, by adjusting the 
ballast until the required metacentric height determined 
by inclining the model was obtained. All three models 
had the same stern lines, differences being confined to the 
shape of the bow section and water-lines, Model 484 had 
V-shaped forward sections and a comparatively full bow 
water-line, 

Model 487A had U-shaped bow sections below the 
low water-level associated with a fairly fine low water- 
level, and a considerable flare was given to all lines 
above the water, as shown below. 

Model 487B had exactly the same shape as 487A 
below the low-water level, but the flare above the water 
plane was cut off and the bow sections carried up 
vertically. 

All the models had the same freeboard (6 in.) and were 
all run at the same draught on an even keel. The longi- 
tudinal distribution of the ballast was varied in each 
model to give three different natural pitching periods, 
in order to determine the effect of all possible methods 
of distribution of cargo in ships. The natural longi- 
tudinal period of the model was determined experi- 
mentally after each set of experiments, as described in 


4. 

§ 9. General Description of Records Obtained.—-When 
the model was towed through a regular series of advancing 
waves, it experienced periodic fluctuations in its re- 
sistance as it met each Seareene See Each fluctua- 
tion in resistance was partially absorbed by the inertia 
of the model, but a portion of it was recorded by the 
resistance pen. The fluctuations were of small ampli- 
tude when the waves were of short length in comparison 
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with the length of the model, but became much larger 
when the wave-length was increased. These larger 
fluctuations in resistance were probably due to the orbital 
velocity of the upper layers 3 the waves, which caused 
the water motion for a considerable portion of the model's 
length (increasing as the relative wave-length increases) 
to be alternately in the same direction and in the opposite 
direction to that of the model, when the latter was in a 
wave hollow or on a crest. This is referred to again in 
§17. When the period of encounter of the model and 
its natural pitching period coincided, heavy pitching 
occurred, and the resistance fluctuations were consider- 
able with sudden reversals. The resistance diagrams 
obtained in these experiments have been analysed in 
such a manner that the mean resistance over the whole 
experiment was obtained, and this mean resistance only 
has been given in the resulta described in this paper. 

Pitching Oscillations.—As the model ran from smooth 
to rough water, it commenced to pitch and ascend, and 
continuous records of the pitching angle and:period could 
be obtained as described in §3. The pitching diagram 
obtained may be classed under three heads :-— 

(1) Pitching period and amplitude irregular. 

(2) Pitching period regular and pitching amplitude 
varying periodically from a maximum to a minimum 
value. 

(3) Pitching period regular and pitching amplitude 
constant. 

The first of these types of diagram was obtained when 
the natural pitching period of the model was much 

ater than the period of encounter,* i.¢., the time 
which elapsed between the model's bow meeting suc- 
cessive wave crests. The maximum angle reached 
was then always small and unimportant. A _ close 
examination of such a diagram showed that the model 
pitched irregularly, its periods varying between that of 
the period of encounter and its own natural period. 
In no case was a regular diagram obtained, although it is 
conceivable that if the natural period was an exact 
multiple of the period of encounter, such a diagram 


*The period of encounter is obtained by calculation 
from the known model speed and wave period, the 
formula being 
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This period was also determined experimentally in the 
experuments described in § 16 and found to be in 
exceedingly close agreement with the calculated period. 
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might be produced (see also § 19). The second type of 
diagram was obtained when the period of encounter and 
natural pitching period were nearly equal. The model 
then pitched regularly in the period of encounter, the 
amplitude varying from a minimum to a maximum and 
back again in regular cycles. For a further discussion of 
this phenomenon see § 20. The third type of diagram was 
obtained in the few instances when the period of encounter 
was much greater than the natural pitching period. 
The model’s pitching period was practically that of the 
period of encounter, and the angle through which the 
model pitched was practically constant. Diagrams 
of this type were always obtained when the wave-length 
was large in comparison with the model length, the 
pitching then being analogous to that of a ship rolling 
in a regular series of waves (see also $19). In the results 
given in the accompanying diagrams, only the maximum 
angles reached (measured out to out) have been plotted. 
Dieging Oscillations.—A few records were obtained of 
the dipping oscillations of the model, i.e., the bodily 
rise and fall of the centre of gravity. The maximum 
vertical movement of the model was found to be less 
than the wave-height, and the amount of movement 
varying from a maximum to a minimum in cycles. 
Complete records of the dipping oscillations were not 
taken. 

§ 10. Effect of Same Waves on a Ship at Different 
Speeds.—F ig. 4 (page 668) gives the results for ship of 
experiments over a range of speed from 7 knots to 
12 knots, in smooth water, and also when towed “ head 
on” through waves of 400 ft. length (equal to that of 
the ship). ‘The percentage increase in power for the same 
wave-height remains fairly constant over the whole 
speed range, except when the ship’s natural period 
approaches the period of encounter (see §19). The 
maximum pitching angle also remains practically the 
same for the whole range of speed taken. The pitching 
period varies with the speed, and in these experiments is 
practically equal to the period of encounter. As shown 
in § 19 this is due to the fact that the vessel’s period 
of encounter is always greater than the ship’s natural 
period, for the experimental conditions. 

§ 11. Effect of Variation of Wave Height.—In Fig. 4 
the experiment results for ship over a range of speeds 
in waves of 3 ft., 44 ft. and 6 ft. height are given, and 
similar results have been obtained with the same models 
ballasted to give two other different natural pitching 
periods. As would be expected, the effect of an increase 
in wave-height is to increase the resistance, and the loss 
of speed for the same effective horse-power is approxi- 
mately proportional to the wave-height. An increase 
in the maximum pitching angle also takes place with in- 
crease in wave-height, while the pitching period remains 
unaltered. 

§ 12. Effect of Variation of Wave-Length.—Figs. 5 to 8, 
on this page, give the experiment results corrected for ship, 
when run at the same speed through waves of the same 
height (44 ft.) and differentlengths. The curves of power 
show very large variations for the same ship speed, and the 
most important increase is that due to co-periodicity 
between the ship’s natural period and her period of 
encounter, The longer the ship’s natural period is 
made, the greater the increase in power required to 
maintain the speed in this critical condition (see § 19). 
Increase in resistance also occurs when the ratio of ship- 
length to wave-length is somewhat less than unity. This 
result suggests that maximum pitching occurs when 
there is such a ratio between ship-length and wave- 
length as gives the maximum horizontal movement of 
the centre of buoyancy. This ratio will depend upon 
the shape of the ship in the neighbourhood of the water 
plane, when the vessel is at rest in smooth water. It 
is hoped to accumulate more experiment data on this 
point, to settle the accuracy of the suggestion, which 
obtains considerable support from the theoretical con- 
siderations given in § 22. 

Considerable variation in the maximum angle through 
which the vessel pitches also occurs with waves of 
different length, the greatest angles occurring in waves 
whose period of encounter approximates to that of the 
ship. In short waves the pitching angle is always 
small, and in very long waves the maximum pitching 
angle was found to be approximately that of the wave 
slope. The greatest pitching angles occur for these 
models in waves of length somewhat greater than that 
at which maximum propulsive power is needed, and the 
position of the wave crest along the model at the instant 
of maximum pitch appears to be the governing factor. 
This position depends upon the model's form and the 
wave-length, and a discussion of the effect of variation 
of either of these quantities is givenin §22. The pitching 
of the ship is isochronous in all but the short waves 
where the motion is irregular (see § 9). 

§ 13. Effect of Different Loading.—-The natural pitching 
period of aship depends upon the longitudinal disposition 
of the cargo as well as upon the arrangement of the struc- 
tural weights. To throw some light on the effect of 
different loading upon the vessel’s resistance and be- 
haviour, each of the models was tried at three different 
natural periods, viz., with the bal.ast (a) concentrated 
amidships, (6) more or less uniformly distributed longi- 
tudinally, (c) concentrated at the ends, the displace- 
ment, draught, trim and position of the centre of gravity 
remaining unaltered. The natural model periods were 
in each case experimentally determined as described in 
§4. The two extreme periods tried are probably outside 
the usual range of a fully loaded cargo ship, but they 
serve to show the effect produced by such qingss: 

The experiment results are given in Figs. 5 to 8, 
annexed, and point to the importance of endeavouring 
to keep the vessel's natural period as different as possible 
to her period of encounter when on service. In short 
waves the vessel with a long natural period has a slight 
advantage over one with a shorter period, but as both the 
pitching and increase in resistance are then small, it 


would appear to be better to dispose the hull weights and 
stow the cargo so that the weight is concentrated more 
towards amidships, in order to avoid the very heavy 
pitching which would otherwise occur when meeting the 
waves of somewhat longer length. 

A second point emphasised in these results is the 
importance of arranging the ship’s weights so that her 
pitching period in waves does not coincide with her 
period of encounter in waves of length corresponding 
to that at which the pitching lever (see § 18) is a maxi- 
mum, or a sub-multiple of that length. For the 400-ft. 
ships given, this wave-length is about 500 ft., and if the 
ship’s pitching period is equal to the period of encounter 
in waves of 500 ft. or a sub-multiple of it, excessive 
resistance is the result, as will be seen for condition (a) 


Fig.5. 
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at 8 knots for 250-ft. waves, and condition (c) at 10 knots 
in 500-ft. waves. 

§ 14. Comparison of Model Results.—The smooth water 
resistances of the models 484 and 487A indicate that there 
is no very great difference between them as regards 
propulsion in fine weather. For speeds below 12 knots, 
models 487 A and B have a small advantage over 484, 
amounting to 3 per cent. at 9 knots. Comparing the 
power required to drive each model in waves of 400-ft. 
length the advantage in form is, on the whole, with 
model 487B. Both the models 487A and 487B are 
better than model 484, a result which may be attributed 
to the much finer bow water-lines of the former. The 
maximum pitching angles reached by all the models was 
practically the same for the same conditions. Any 
comparison of the forms in waves of different lengths 
must be made between models having exactly the same 
natural pitching period, as the results show that the 
resistance is very sensitive to variation in distribution of 
the displacement. On the whole, model 487A gives the 
best results, although the difference in the results 
between models 484 and 487A is never very at. 

As regards seaworthiness there was very little difference 








WAVES OF VARYING 
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between either form. Green seas were shipped over 
the bows of each of the forms at the same speed, when the 
models were towed under approximately the same con- 
ditions as regards ed, loading and wave-length, and 
the flare of the bow sections of model 487A was not more 
effective in keeping the deck dry than the vertical sides 
of 487B. Models 484 and 487A had a slight advantage 
over model 487B in high waves of short length. Under 
such conditions the fore decks of the two former remained 
dry, whereas water splashed over the bow of 487B. 

§ 15. Experiments in Following Waves.—Resistance and 
pitching experiments were made with model 487A in 
waves travelling in the same direction as the model. 
The results obtained at a speed corresponding to 10 knots 
in waves of different lengths are given in Fig. 8. Other 


Fig.6. MODEL 487 A AT 8 KNOTS. 
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experiment results with the same model for a range of 
speeds from 7 knots to 12 knots in following waves 
of heights corresponding to 3 ft., 4-5 ft. and 6 ft., and 
length equal to that of the ship are shown in Fig. 4. 
As the period of encounter between ship and wave is 
always greater than the ship’s natural period under such 
conditions, the fluctuation in ship resistance at the 
same speed in waves of different lengths will be small, 
and the maximum pitching angle will also be practically 
constant over the whole range of wave-length. At a 
speed corresponding to 12 knots for ship, the model 
resistance was less than the resistance in smooth water— 
probably due to the model absorbing some of the energy 
of the overtaking waves. ; 

§ 16. Position of the Wave Crest along the Ship's Side.— 
The position of an ocean wave crest along the ship’s 
side, at the instant that the vessel is momentarily 
stationary with her bows down, is of primary importance 
when considering the height of freeboard necessary to 
secure dryness in a seaway. This position will not be 
the same in waves of different lengths, and an attempt 
to obtain it experimentally was made with model 484. 
The float used for the wave calibration tests, described 
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in §5, was arranged with its axis athwartships, in a 
known longitudinal osition relatively to the model. An 
merce «guns a y pen recorded on the pitching 
record of the model, the moment at which the float 
attained its maximum vertical position, as it floated 
over the crests of the waves. This gave the position of 
the wave crest along the hull at regular intervals, from 
which its position at any other instant could be deter- 
mined. Experiments with model 484 at a speed corre- 
sponding to 10 knots were made in waves of different 
lengths, and the position of the wave crest aft of amid- 
ships at the instant when the ship is at its maximum 
pitch (i.e., bows down) with each different wave-length 
is given in diagrammatic form in Fig. 9, annexed. On 
the same diagram is also given the maximum pitching 
angle. The wave crest at the instant considered is aft 
of amidships, when the model’s natural pitching period 
and period of encounter are equal, it moves steadily 
farther aft as the wave length increases, and for a very 
long wave it would be clear of the stern. For shorter 
waves the position is forward of amidships, but under 
these conditions the maximum pitching angle is always 
small. As would be inferred from these experiments the 
model was found to be a “dry ”’ ship. 

These experiments provided a means of experimentally 
verifying the period of encounter obtained from the 
formula connecting the wave period (rT) and model 
speed (v), viz., 





and in every instance the calculated and experimentally 
determined periods were in very close agreement. A 
comparison of the experimentally determined wave 
position at the maximum pitching angle and that 
deduced from purely theoretical considerations is given 
in Fig. 9 and § 22. 

§17. Application of the Model Experiment Results to 
Actual Ships.—Before applying these experiment results 
to the usual service conditions of a ship on its voyage, it is 
as well to consider the differences existing between the 
model experiments and actual ship conditions. These 
may be summarised as follows :— 

(1) Uniform regular waves produced in the tank 
experiments rarely met with at sea. 

(2) Model towed by the carriage, and ship propelled 
by its screw. 

(3) Appendages (e.g., bilge keels, shaft bossing, &c.) 
not fitted to the model, 

(4) Plate edges non-existent in the model. 

(5) Influence of screw on ship not reproduced in the 
tank experiments and no account taken of the loss of 
efficiency of screw, necessary restriction of engine power 
&e, 

(6) Air resistance is neglected. 

As regards (1) some experiments were made with 
model 484 in a confused sea, produced by a@ periodic 
variation of the flap period as described in §6. A 
confused wave pattern was produced which continually 
changed, the wave-heights varying between 0 ft. and 6 ft., 
and their lengths between 125 ft. and 750 ft. for ship. 
Model 484 was run through these waves at a series of 
speeds, and the results show that the powers calculated 
from the mean resistance obtained over the whole 
experiment run, lie approximately on the curve obtained 
for waves of 3 ft. height and 400 ft. length. From these 
experiments it is inferred that no appreciable difference 
exists between the model in regular waves, and the ship 
under service conditions meeting waves “‘head on” 
provided that the average height and length of the 
ocean waves are reproduced to scale, in a regular manner 
as described in § 2. 

Item 2 affects the surging motion of the model and 
ship. The fluctuation of resistance experienced by any 
ship as it passes successive waves will cause surging, 
which, in its turn, will influence the thrust delivered 
by the screw. Assuming the torque applied by the 
engines to the shaft to remain constant, then as the 
vessel surges forward, the screw will momentarily work 
at less slip, and its thrust horse-power will be less than 
its mean power. When the vessel is retarded the screw 
will be working at a greater slip and its thrust moment- 
arily increased; so that the net effect on the screw, 
of the surging of the ship, is to damp its motion. Under 
the conditions of the model experiments, the fluctuations 
in resistance cause the recording spring (owing to its 
elasticity) to exert periodic fluctuations of pull on the 
model. These variations in pull are applied to the 
model in such a way that the total pull decreases as the 
model surges forward and vice versa, so that the net 
result is to damp the surging of the model. 

The exact amount of damping produced in the two 
cases will be identical if the laws governing the elastic 
force of the spring and the variation of thrust of screw 
with slip are the same. Within the limits of the experi- 
ments these are both straight-line curves, and measure- 
ments of the surging produced on a model driven by a 
screw through waves, and that produced in the above 
experiments, leads to the conclusion that they are fairly 
close to one another. Items 3 and 4 will influence the 
pitching of the ship by increasing the damping due to 
resistance, so that a slightly less maximum pitching 
angle would be expected in the actual ship than that 
predicted from the model experiments. As, however, 
the damping produced by these causes is usually a very 
small proportion of that caused by the hull, it is not 
expected that the difference will be large. The mean 
resistance obtained from the experiments will be some- 
what less than the true, value, due to items 3 and 4, but 
unless the pitching is excessive, the difference will in 
all probability be of the same order as that obtained in 
smooth waterexperiments. Any loss of speed due to this 
cause has been ignored. 

Item 5: This paper is primarily concerned with re- 





sistance and not propulsion. Loss of propeller efficiency 
in waves has formed no part of the research, but experi- 
ments have been projected, and it is hoped will soon be 
completed, which will throw some light on this point. 
In § 11 the loss of speed of the ship due to waves is given 
without reference to the further loss which will be 
sustained in most cases by reason of the lower efficiency 
of the screw when working at higher slip. A calculation 
has been made as to this further loss, based upon the 
open water experiments of Mr. R. E. Froude, and is 
given in the Appendix. It will be seen that with the 
propeller chosen to propel the ship through waves 
400 ft. long and 6 ft. high, with the same engine power 
that will give 12 knots in smooth water, the revolutions 
must drop from 78-5 to 71-6, and the speed from 12 knots 
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to 94 knots. This calculation is based on the assump- 
tions that the mechanical efficiency is unaltered, and that 
the relative propulsive efficiency of the screw under both 
conditions is unity. Neither of these assumptions is 
strictly true. The difference in mechanical efficiency 
will depend very largely upon the type of engine, and 
may in most cases be small, but the difference in pro- 
pulsive efficiency judging by a few model experiments 
in waves may be very real. If the propeller in the ship 
is not deeply immersed, it may become necessary par- 
tially to throttle the engine in order to keep down the 
revolutions. This prevents the engine developing its 
full power, and will result in a still further loss in speed. 
It follows that the general tendency in these experi- 
ments is to over-estimate the speed that will be attained 
in the ship, but their value is not impaired as a means 
of comparing the relative merits of different forms or 
different methods of loading a ship in a seaway. 


(To be continued.) 








Occtusion oF Gases In Coat.—The great trouble 
about the analysis of coal and the estimates based upon 
the analysis is that the analytical processes themselves 
affect the coal so that the methods of examination are 
conventional. That concerns the very first quantity 
determined in any analysis, the moisture, and further, the 
volatile constituents and the occluded gases. ‘Il he 
occluded gases can be determined by pumping off the gas 
liberated, or by collecting the gas given off in a vacuum, 
either at ordinary a ger ge (15 deg. C. or lower) or at 
100 deg. C. Especially at ordinary temperature the 
experiments will last many days, and there is evidence 
that the first liberation of the gas will be followed and 
accompanied by a reabsorption, and that the establish- 
ment of an equilibrium condition will be a slow process 
depending, among other conditions, on the diffusion 
of gas from the inner layers up into the first-evacuated 
surface layers of the coal. Conducting such experiments 
upon various coals and lignites occurring in New Zealand, 
A. D. Monro, of Canterbury College, Christchurch 
(Journal Society of Chemical Industry, April 29, pages 
129 to 132T). found that some of the coals behaved 
peculiarly. ‘there would be strong spasmodic outbursts 
of gas, e.g., on the 7th, 22nd, 34th and 36th day, the 
evolution of gas stopping almost entirely on the in- 
tervening days, whilst in other cases the gas evolution 
would be much more steady. Whilst the percentage 
of CO: in the gas evolved changed little during the 
outbursts, the percentage of nitrogen and, to a lesser 
degree that of oxygen, varied very much. Nitrogen 
and oxygen generally came off first from the various 
coals, carbon dioxide and methane more slowly. Most 
of the methane was liberated only by heating ; in mines 
methane is, of course, slowly evolved without external 
heating, but the coal may be under considerable pressure 
and at relatively high temperature in situ. Monro 
suggests that gases are both mechanically retained, and 
held in solution, probably at considerable pressure ; 
the latter would be more important and would account 
for the spasmodic outbursts. 








CATALOGUES. 


Smoke Prevention.—A method of preventing smoke 
by conveying an extra air supply in a pipe extending down 
the front of the boiler and along the furnace top, and 
discharging it in a heated state into the back of the 
combustion chamber, is described in a catalogue received 
from Messrs. Edgar Roscoe and Co., Limited, Royal 
Buildings, Doncaster. 

Steam Fittings.—A small octavo catalogue of 100 
pages, from Messrs. Royles, Limited, Irlam, near Man- 
chester, illustrates an extensive range of fittings for 
steam heateis, evaporators, water heaters, air heaters, 
oil separators, and many kindred industrial and domestic 
appliances ; a full list of distributing, reducing, safety 
and other valves is also included. The catalogue will be 
extremely useful for reference. 


Pipes.—An illustrated priced catalogue of iron’ and 
steel tubes and pipes received from Messrs. John Spencer, 
Limited, Wednesbury, is remarkably complete and well 
arranged for reference. Pipes, joints, bends, pipe-fitting 
tools, and parts such as masts, poles, &c., which come 
within the same branch of manufacture, are fully specified 
as to sizes, and many useful tables are also included. 
An index to the contents would doubtless be appreciated 
by users. 


Flow Meter.—The Rotameter flow-measuring instru- 
ment consists of a rotating float in a tapering vertical 
glass tube, in which the rate of flow of liquids (including 
acids) or gases is indicated by the vertical position of the 
float. The instrument, which may be used as a maxi- 
mum demand meter, is made at Aix-la-chapelle, and is 
sold in this country by Messrs. Trost Brothers, 26, Little 
Park-street, Coventry, who issue a fully-descriptive 
catalogue. 

Tool Steel.—Another of their informative pamphlets 
on the characteristics of high-speed steel, with practical 
advice on hardening, tempering, grinding and annealing, 
is to hand from Messrs. Edgar Allen and Co., Limited, 
Sheffield. The practical matter deals specifically with 
reaming, milling, turning, tapping and other tools, 
especially in the forms that are more difficult to make, 
and gives illustrations which will be of special interest 
to toolmakers. 


— — 

Steam Engines.—Improved types of horizontal steam 
engines for general factory drives are well represented in 
a catalogue received from Messrs. Marshall, Sons and 
Co., Limited, Gainsborough. The construction is full 
described, and the principal parts illustrated in detail. 
A very large range of condensing and non-condensing, 
single and coupled compound engines are made, and 
tables of particulars are given, effective horse-powers 
being stated for three-steam pressures, 


Expl , Ch l Products, &c.—A catalogue, or 
oe een to a series of catalogues, received from Nobel 
ndustries, Limited, Buckingham Gate, London, 8.W. 1, 
gives a brief description of over 30 companies associated 
with the Nobel Company. In addition to military and 
sporting ammunition, industrial explosives, and chemical] 
products technically related to explosive manufacture, 
these firms manufacture gas mantles, bicycles, leather 
cloth, and many other products. 





Electric Furnaces.—An explanation of the development 
of the electric furnace, dealing with the insufficiency of 
some earlier types and the essential requirements of the 
true arc furnace, appears in a catalogue issued by Electro 
Metals, Limited, 86, Kingsway, London, W.C. 2. The 
smelting and refining processes in which this kind of 
furnace is of special advantage are mentioned, and the 
illustrations 0mm the methods of construction for 
capacities ranging from 4 ton to 7} tons. 


Macnine Toow.—A series of machines for milling slabs 
and beam ends, vertical milling, thread milling, multiple 
head drilling machines, tapping machines and shaft- 
turning machines are illustrated in a catalogue received 
from Messrs. Wilkins and Mitchell, Darlaston, Staffs. 
These tools are specially designed for machining bridge 
and structural parts, and for use in the construction of 
rolling-stock and similar work. Every effort has been 
made to secure rapid and convenient operation. 


Electric Furnaces.—T wo catalogues of electric furnaces 
are to hand from Messrs. A. Gallenkamp and Co., Limited, 
19, Sun-street, London, E.C. 2. One deals with furnaces 
of the muffle, crucible, tube and other types, for tem- 
peratures up to 1,000 deg. C.; various designs for 
general and special work are shown. The other catalogue 
describes a vertical-tube muffle in which tools and parts 
can be suspended clear of the walls for heating and then 
lowered into a quenching bath without coming into 
contact with the air. 

Gravity Conveyors.—The extent to which conveying 
machinery is being developed is very strikingly illustrated 
in a 70-leaf catalogue received from Messrs. Rownson, 
Drew and Clydesdale, Limited, 225, Upper Thames-street, 
London, E.C. 4. Although the working parts and, to 
some extent, the structural members, are standardised, 
nearly all conveyors are specially designed and erected 
in order to suit the local conditions and the form and 
weight of the packages to be dealt with. The automatic, 
or gravity, t; is generally preferred where the fall 
is sufficient. In these, the carrying surface is formed 
by a series of rollers, either bare or covered with a stiff 
fabric, varied in some cases by stop-boards or strong 
standards, and in meat conveyors, by under hooks 
carrying the quarters freely slung. Portable conveyors 
which consist of a moving platform that can be wheeled 
into position and tilted to the necessary fall are also 
shown. The illustrations include many ingenious 
adaptations for Te fragile packages and for 
soulving the conveyor to limited spaces or otherwise 
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ELECTRICAL APPARATUS. 


172,041. Creed and Co., Limited, Croyaon, ana T. 
Lenaghan, Croydon. Electro- c ys. (6 Figs.) 
June 3, 1920.—In the familiar “‘ knife-edge armature ” type of 
relay, the core extension is usually machined to a suitable pe 
to furnish the knife-edge support, and the air gap and spring blade 
adjustment is obtained by use of regulating screws or members. 
According to the present invention, the machining referred to is 
dispensed with and the knife-edge support produced in a pressed 
or formed member adapted to secured frictionally upon the 
core extension of the relay without emplo any separate 
fastening devices, adjustment of the air gap and spring blade 
movement, if desired, being effected by forcing the pressed or 
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formed member into different positions along the core extension. 
The member a, which is formed by pressing a sheet of metal 
into a sleeve-like shape, encircles the core extension b of the relay 
so that it is a:driving fit thereon, and is provided with a lip cas 
shown. The lip ¢ extends through an aperture in the armature d, 
and is formed with a smooth-rocking region for the reception of 
the armature knife-edge. By forcing the pressed member a into 
different positions along the core extension b, a definite air gap 
between the core and armature at e (Fig. 2) is obtainable wit! 
a corresponding alteration in leverage distance between the knife- 
edge and centres f at which the armature acts upon the spring 
blades g of the relay. (Sealed.) 


172,365. Crompton and Co., Limited, Chelmsford, and 
W. F. Jones, Chelmsford. Electrical Contacts. (9 Figs.) 
August 6, 1920.—This invention relates to metal internally 
screw-threaded sockets for use for attaching metal parts to slabs 
or blocks of insulating material. The invention consists of a 


Fig.1. Fig. 2 
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socket or metal liner A, screw-threaded interiorly to be fitted intoa 
hole formed in a block or slab C and provided with one or more 
tongues M adapted to be depressed into a corresponding recess K 
formed in the block or slab C so as to render the socket or liner A 
non-rotatable therein. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


172,114. J. H. D. Smith, Newcastle, N.S.W., Australia. 
Internal-Combustion Engines. (1 Fig.) August 31, 1920. 
—This invention relates to internal-combustion engines of the 
type having a plurality of cylinders arranged in opposed pairs 
with the crankshaft between them, each of the pistons of an 
opposed pair of cylinders being connected to the same crank, and 
ignition devices whereby an explosion occurs simultaneously in 
two cylinders (one on each side of the crankshaft) in which the 
pistons are in corresponding positions. According to the inven- 
tion, there is provided in internal-combustion engines of the 
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type referred to, a double-pole ignition plug A in each of the 


cylinders on one side of the crankshaft 6, a single-pole ignition 

¢ in each of the cylinders on the other side of the crank- 
shaft, a single electric current — g and circuits f, j, k, t 
connecting contact points on t nerator with a double-pole 
plug and a single-pole plug so that an explosion will occur 
simultaneously in two cylinders (one on each side of the crank- 
shaft) in which the pistons are in similar positions. By this 
means only one generator is employed in contradistinction to 
by ~ a magnetos or distinct currents hitherto proposed. 
(Sealed. 








172,409. Motor Car Company, Limited, 
Wolverham , L. Coatalen, Wolverhampton, and J. S. 
Irving, Wolverhampton. Internal-Combustion Engines. 
(2 Figs.) September 6, 1920.—In an internal-combustion engine, 
according to this invention, an oil pump is directly attached to 
or f with the camshaft, and a restriction is employed in the 
delivery pipe (as, for example, a spring-loaded ball), so that the 
pump affords a sufficient continuous resistance to rotation to 
ensure that the gears driving the camshaft will not chatter and 
that the pressure will always be on the same side of the teeth 
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of the driving gears. The cam shaft A 8s through a casing B, 
and it is formed inside this casing with a gear wheel portion C. 
This meshes with an ee D in the casing, the two gear wheels 
constituting a pump. casing receives oil, and is provided 
with a duct E for supplying the gear wheel at the right point, 
and a delivery duct F at the opposite side through which oil is 
forced along a passage G to the interior of the shaft, or to the 
camshaft bearings, or elsewhere. In the delivery duct is a release 
valve J, the spring of which abuts against an adjustable cap L, 
so that the delivery pressure can be easily altered. (Sealed.) 


171,504. O.D. Cars, Limited, Belfast, and J. H. Long- 

. st. Internal-Combustion Engines. (4 Figs.) 
May 20, 1921.—This invention relates to hollow gudgeon pins for 
the pistons of internal-combustion engines in which conical plugs 
are inserted in the ends of the pin and are drawn towards each other 
to secure the pin in position in the ——- According to this 
invention, the conical plugs are made hollow and preferably with 
external flanges to locate the pin endwise in position. The 
bore of the gudgeon pin A is tapered outwards at the ends a, al, 
and the tapered ends a, al are provided with longitudinal slits a2 
to permit of expansion. Hollow conical plugs B, B! are inserted 





in the tapered ends a, al, and are drawn together by means of a 
stud C affixed at one end to the conical plug B and having the 
other end passing through an aperture in the plug Bl. The end 
of the stud C passing through the plug B! is provided with a nut, 
the rotation of which causes the conical plugs B, B1 to be drawn 
nearer together and the slotted tape: ends a, al of the gudgeon 
= A to expand, and when in position in the piston to be 
orced into intimate contact with the bore of the s of the 
piston. To locate the gudgeon pin A endwise, each conical 
plug B, Bl! has a flange 6 which projects into a recess at the outer 
ends of the bore of the bosses. (Sealed.) 


HYDRAULIC MACHINERY. 


171,511. H. S. Hele-Shaw, Westminster, London, and 
E. Tribe, Westminster, London. Pipe Joints. (8 Figs.) 
August 27, 1920.—The invention comprises broadly a pipe joint 
—— of a hollow leak-proof ring of flexible material having 
edges or I aye eg to fit on the adjacent ends of the pipes of the 
oint and be forced by fluid _—- against the outsides thereof. 

he leak-proof of is provided, according to this invention, with 
a housing of ri material divided circumferentially into two 
sections in the form of perforated caps adapted to extend over 
the whole or a nagmen of the length of the ring from each end 
thereof and to pushed on the ends after the leak-proof ring 
has been placed in position on the respective ends of the pipes. 








Fig. 1 is a longitudinal section of a ap apest ring, having in- 
turned edges 5, 5 arranged around tapered pipe engaging open- 
ings 6,6. The main portion of the leak-proof ring 3 is provided 
with a fabricinsertion. Figs. 2 and 8 are respectively a sectional 
elevation and an end elevation of one of the —_ ready for forcing 
on the ends of the rings ; they are passed over the ends of the pipes 


before the pipes are connected by the ~~~ ring and then 
forced to the ends of the on to the ends of the ring 
until they take up the position shown in . 4 and 5. The 


corners of the cap may be rounded as shown in Figs. 1 to 4, or 
substantially square as in Fig. 5. led.) 


LIFTING AND HAULING APPLIANCES. 


172,405. A.H. Cook, Sheffield, and W. G. Cook, Sheffield. 
Rope Haulage Systems. (2 Figs.) September 4, 1920.— 
This invention relates to rollers for carrying haulage ropes. 
A roller made in accordance with this invention comprises a 
spindle a which is screw-threaded as at b for a short distance 





near bothits ends, a drumor barrel dand two end plates ¢ provided 





with central holes threaded to screw upon the spindle and up 
against the o ite ends of the drum or barrel when it is placed 
over the spindle, the end plates being then secured by nuts A, or 
by —s or brazing them to the drum, or by ke them to 
the spindle. In order to prevent any possibility of the end 
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plates becoming loose they may be keyed or pinned to the spindle 
or they may be welded or brazed to the drum. The threaded 
portions of the spindle are right-hand at one end and left at the 
other, or they are both in the same direction. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


171,525. A. Butterworth, Rochdale. Work Holders. 
(1 Fig.) September 4, 1920.—The invention relates to a work- 
holder adjustable in regard to angle for the clamping of work 
while being operated upon. According to the invention, the 
work holder — a bedplate and a clam plate a 
which the work is secured by T-bolts as usual, t clamping 
= being pivoted at one end to a slide on the bedplate, whilst 

termediate its length it is connected to a link having a pivot 
each end. Between the link and its pivotal co ion with 
the bedplate is arranged a protractor in which a fixed index on 
the one part, such for instance as the link, co-operates with a 
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graduated arc onthe other part, such asthe bedplate. The device 
—_——- a bedplate 1, having T-headed grooves in which slide 
the ds of T-headed clamping bolts 2 on a slide 3, which slide 
is connected by a pivot 4 with a clamping plate 5, which also has 
T-shaped grooves 6 for the securing of the work in the usual 
manner. This plate 5 has also a pivotal connection to a link 8 
pivoted to the bedplate 1. An index mark 10 on the link 8 is 
adapted to co-operate with a protractor 11, specially graduated 
to indicate the angular setting of the plate 5, so that this can be 
rapidly set at any desired angle to the bedplate 1. (Sealed.) 


RAILWAYS AND TRAMWAYS., 


170,331. Brecknell, Munro and Rogers, Limited, 
Bristol, and A. M. Willis, Keynsham. w Current- 
Collectors. (5 Figs.) June 17, 1920.—A bow current-collector 
made in accordance with this invention comprises a single pole, 
a forked member adapted to telescope into the pole, and a bow 
having lugs adapted to be bolted to the forked member so that 
it can be tilted backwards and forwards to suit the elevation of 
the overhead wire, and means for locking the collector against 
swivelling. The trolley arm a is hinged to the member ¢_pivotally 
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mounted on the base d, and is supported in its raised position 
by links ethroughaspringh. A boltj is pivoted to the member ¢ 
and is adapted to engage a socket m. A spring n holds the bolt 
in the socket and a rope o is attached to the bolt j and passed 
thro’ an eye at the head of the pole. The bow q is carried 
by a forked bracket r provided with a stem s adapted to tele- 
scope in the upper end of the pole a. The bow gq is provided 
with lugs t which are connected to the bracket r by bolts so that 
the bow can be tilted backwards or forwards and set to suit 


the elevation of the overhead wire. (Sealed.) 
170,623. W. Fairclough, Wigan. Brake Apparatus. 
(3 Figs.) June 23, 1920.—This invention has reference to brakes 


for railway wagons. According to this invention, the brake 
blocks B are coupled at or about the middle or lower down to 
supplementary suspension links G hanging down from the under- 
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frame of the vehicle, as, for instance, from a bracket bolted to 
the sole bar F or to the transverse tie rods H. The usual cross- 
rock shaft is — by crank arms and by push rods A to a 
lug on the brake B. The supplementary suspension links ( 
are coupled to the same lug as the push rods A. (Sealed.) 
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THE EFFICIENCY OF THE HAMMER 
BLOW, AND ITS EFFECTS WITH 
REFERENCE TO PILING. 


By A. Hizey, M.I.N.A., Assoc.M.Inst.C.E. 


GENERALLY speaking, the selection of a hammer 
of given weight and velocity of blow, to accomplish 
a required purpose is determined from previous 
experience on work of a similar nature, and if 
by trial it is found unsatisfactory a further choice 
is made, thus forging another link in the chain of 
available experience. 

It is the purpose of the present exposition on 
the efficiency of the hammer blow, to fortify the 
judgment with additional guidance when confronted 
with problems of general incidence; but more 
particularly as applied to those encountered in the 
operations of pile driving and pile extracting, where 
a correct solution becomes important both from 
an engineering and a commercial standpoint. 

In order to preserve conditions which enable the 
laws of motion and elasticity to be applied with the 
fullest possible degree of accuracy, this investigation 
has been directed to the case of driving preparatory 
piles which are composed of steel tubes of some 
16 in. diameter by } in. thick. Several advantages 
attend this course, viz. :— 

(1) The value of E, the coefficient of elasticity 
is constant for all cases. 

(2) There is a negligible resistance between the 
earth and the sides of the tube. 

(3) The resistance to penetration is applied 
wholly at the pile shoe. 

(4) The conditions prevailing are in strict accord 
with the premises made in the calculation which 
would be far from true in the cases of timber or 
composite piles driven in the ordinary way. 

That the problem is amenable to appropriate 
treatment in this way is corroborated by the very 
close agreement between the permanent set and 
temporary compression set of the pile tube as 
estimated by the methods to be described, and the 
observed sets as measured in tests carried out by 
the writer as well as those furnished from the 
work-a-day experience in pile driving of this class. 
Consequently, the choice of ‘the well-known 
“ Simplex ” tube as the object ready to hand for 
the purpose intended would appear to have been 
fully justified; though, truth to tell, the present 
article only treats of a side issue attached to a series 
of experiments conducted by the writer in bringing 
about the development of certain latent poten- 
tialities connected with its use. These, however, 
as well as considerations relating to the strength 
of the finished pile, be it made by whatsoever pro- 
cess, lie outside the scope of the subject under 
review. Fig. 1 shows a section in profile of the 
temporary pile tube fitted with a conical cast-iron 
shoe of enlarged diameter of rim as driven into the 
ground for the purpose intended. 

In the calculations and tables shown the following 
symbols are made use of :— 

W = weight of ne Bass member or hammer ex- 


pressed in 

h= height of fall "waider the action of gravity and 
unresisted, in inches. 

P = weight of pile, which includes all com 
parts such as the shoe, head casting and 
cap, which are set in motion by the haunt 
blow, expressed in tons. 

¢ = the permanent “set ” or settlement of the pile 
tube per blow, expressed in inches. 

t = the temporary “‘set”’ due to the elastic com- 
pression of pile tube, expressed in inches. 

R = the resistance opposing netration of the pile 
shoe or an extracting effort, expressed in tons. 

l = length of pile tube, expressed in inches. 

h = length of the hardwood pile cap, also of tension 

of extractor, in inches. 

Ao = area of extreme rim diameter of pile shoe, 
expressed in square inches. 

A= pms of section of steel pile tube, expressed in 
square inches. 

Al = area of the hardwood pile cap, also of tension 
members of extractor, expressed in square 
inches. 

E = coefficient of elasticity of steel tube and steel 
links, expressed in tons per square inch. 

E = coefficient of elasticity of hardwood pile cap, 
expressed in tons per square inch. 

Pp = ground pressure exerted below shoe to give R, 
expressed in p per inch. 

\ = coefficient of restitution as given. 

7 = overall efficiency of hammer blow 

% = part efficiency ‘ot blow at surface of impact. 

m = efficiency correction for loss in pile cap and 

ammer 


— 








= efficiency of blow as applied to head of pile tube. 
ar = efficiency correction for loss in elastic com- 
pression of tube. 
d = density of pile material = 0-283 Ib. per cubic inch 
for steel, expressed in pounds per cubic inch. 


CONSIDERATIONS AFFECTING THE Drivina RgsIst- 
ANCE AS GIVEN OUT AT THE PiLE SHOR. 

When a pile is set up into position on the driving 
frame with the pile shoe about to enter the ground 
on which it is rested, and the hammer is in place 
supported on the pile cap, then if the support 
afforded by the ground is to prevent the pile shoe 
sinking into it 

P+W is= <R. 


If, now, the hammer be raised through some 
distance h” and allowed to fall freely from that 
height on to the pile cap, a quantity of energy will 
be set free and cause the pile to settle into the 
ground until the available energy has been expended 
in overcoming the resistances met with. If, for the 
time being, we suppose the pile so short or incom- 
pressible that no loss can occur through the agency 
of the force transmitted, and if we also neglect any 
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loss due to impact of partially elastic bodies, 
the potential energy lost by the hammer and also 
by the mass of the pile can be equated to R.s. 


Wh +s) + Ps. = Re. 
or W.h +(W + P)s = Res. 
and mt +(W+P) =R. 


In the eonltnai application of this fundamental 
formula to the case of driving a temporary tube 
for the purpose of constructing a concrete pile 
capable of taking a safe load of 50 tons, the weight 
of P which corresponds to a 30-ft. tube is 2 tons. 
The hammer used for the driving will also be 

as 2 tons. 

As the magnitude of the driving resistance when 
approaching the limit of “ refusal” for the dimen- 
sions stated will be about 200 tons, it will be 
seen that a deficiency of but 2 per cent. would be 
involved if, for the sake of convenience (W-+-P) were 
omitted from the equations used. Its value may, 
however, be added where the deficiency would figure 
higher than 10 per cent. Thus, neglecting all losses, 
the work put in and the work given out would be 
represented by Wh = R.s. 

To enable any satisfactory assistance to be 
derived from a formula such as this, several 
important corrections must be introduced to take 
into account :— 

(1) Loss of energy due to the impact of the 
hammer on material comprised in the pile cap. 

(14) Loss of energy due to the elasticity of the 
general body of material affected by the impact. 





(2) Loss of energy due to straining the pile cap, 
the shortening of the hammer and loss arising 
through unevenness in the surfaces of contact or 
from an imperfectly centred blow. 

(3) Energy expended unprofitably in the elastic 
compression of the pile tube itself (or extension of 
links in the case of extractors) when transmitting 
the force R requisite to give out useful work in 
making the pile shoe penetrate the consolidated 
ground at its hase. 

For the sake of simplicity the correction for (14) 
will be omitted from the caloulations for the 
efficiency, as its exclusion does not. affect the overall 
efficiency or useful “set” obtained if we proceed 
in the first place on the assumption that the value 
of \ for the hardwood cap could be indifferently 
applied whether its material extended for a depth 
of say 8} in. or composed the entire length of the 
pile. The necessary correction for (14) will, how- 
ever, be allowed for at the end of plotting the curves, 
when the amount of extra temporary set caused by 
it can be added to that calculated for item (3). 

We will therefore proceed to state the account 
for energy by 

Wh — (1)}—{(2) = RB. # + (3) 

Proofs for the equations representing the losses 
(1) and (3) being already dealt with in works of 
reference on kinematics and elasticity, attention 
will be confined to pointing out the manner of their 
application, taking them in rotation. 

1. Loss due to Impact.—In pile-driving practice 
it is customary to use cast-iron as the material for 
hammers which fall by gravity, and to employ a 
wood cap of suitable design whose function is to 
preserve the material of either the hammer,or the 
pile head free from local damage. As an appreciable 
amount of side play cannot be avoided in the fit 
of the sliding parts within the guides, the surface 
on which the hammer strikes ought to be just 
capable of compressing sufficiently to enable the 
pressure to spread out from any point of first contact 
until the force becomes exerted in as uniform a 
manner as possible, In addition to this, the helmet, 
dolly, cap or anvil as employed concentrates about 
the surface of contact a volume of material into 
which the strain or heat-energy may become dissi- 
pated. 

With regard to the apportionment of loss from 
impact of two partially elastic bodies such as the 
hammer cylinder and the steel tube, but with the 
latter equipped at the point of contact with a pro- 
tecting shield of material of low elasticity, it is in 
accord with the natural order of things for the side 
offering the less opposition to bear a proportionately 
larger share. There is ground for supposing such 
distribution to vary inversely with the VE and /E,, 
and it would appear for the case considered that of 
the energy lost by impact, 75 per cent. becomes 
the share taken up by the hardwood of the driving 
cap, and frequently this part emits smoke during 

The characteristics of materials in their capacity 
to combat loss from impact are usually denoted by 


: their coefficients of restitution A. Such values of A 


as are met with in piling are as follows :— 
Steel on steel, 0-6. 
Steel on brass, or on ductile iron, 0-5. 
Tron on concrete, 0-4. 
Iron on hardwood, 0-25. 


Taking the value of A for the case considered 
as = 0-25, the loss (1) due to impact 


1 — n2 
=W.h ( w ; 
1+ Pp 
For cases where the ratio of the weight of the 
hammer to that of the pile is lessened from 1 
towards 0-25 the beneficial effect of as high a value 
for \ as can be got becomes more pronounced. 


On the other hand, the advantage conferred 
becomes relatively of less importance as the ratios 


of x increase above unity and in the limit approaches 


the same loss as from the impact of inelastic bodies 
where A = 0, viz. : 
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2. Loss of Energy at Pile Cap.—A loss can occur 
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at this point which can only be estimated from a 
general review of the position after the drop of 
efficiency taking place in the tube has been ascer- 
tained. The probable loss is in excess of that 
which would be brought about merely by the 
force R causing compressive strain in its own short 
length of cap, which for the case dealt with for a cap 
of 170 sq. in. area and 8} in. long, and E,=30 x 10° 
only amounts to 5 per cent. of that occurring in a 
tube 30 ft. long. ‘It is considered this can, on the 
average, reach 50 per cent: of that taken up by the 


tube for a ratio of * = 1, and in the tables given later 
this proportion has been assumed, and kept constant 
for other values of + for any particular resistance R 


reached. 
The loss, if only caused by force R, would be 
= 2 pa, 
15 ¥ A; 


The design of the cap, which consists of a hardwood 
block of large area fitted within a cast steel bowl 
set on to the tube, is seen to be admirably adapted 
for its purpose of transmitting the blow with small 
loss of energy. Likewise the hammer itself does 
not absorb more than half that absorbed by the 
cap from the same cause. 

Two causes operate to raise the loss to the figure 
stated, one being the want of accuracy in centering 
the blow properly, and for this reason it pays to 
have a well-conditioned driving frame, with the 
fittings on the slides made a good fit. It is also an 
advantage to have the centre of gravity of a sym- 
metrical hammer aligned with the axis of the tube. 
The second reason springs from the phenomena 
which may occur at the instant of contact, and 
seemingly produce a strong wave impulse causing 
an intensified local stress in the cap and upper 
portion of the tube; this reveals itself in secondary 
vibrations. If we could isolate these in their exact 
amounts the problem would be much reduced for 
grappling with. It has been computed that for 
the range of working conditions, if we write off as 
lost in heat energy, that portion denoted by the 
efficiency for which \ = 0-6, even then the force 
locally. felt on the pile cap may reach from two 
to three times the value of R at the shoe, whilst 
the loss in stressing it to these values will increase 
as their. square. 

3. Strain Energy in the Pile Tube.— 
Having dealt with the losses occurring before the 
uniform driving force equal in value to R acts 
throughout the length of the tube, we can proceed 
to calculate the strain energy wasted from this 
cause. Secondary strains due to the phenomena of 
impact are put aside for the present purpose and 
are added afterwards. 

The loss (3), as calculated, is solely due to elastic 
compression of the steel tube, as though it were 
loaded with a static load of any chosen amount 
for R, the force which just succeeds in effecting 
further penetration of the pile, and is expressed as 





1 gg AAR A (oy 
(3) = it + (3)" 


Where the value of p grows to its maximum limit 
of about 2,000 lb. per square inch, representing a 
force equal to R, 216 tons exerted on the tube, 
which produces a stress of 6 tons per square inch in 
its material, it will be appreciated that a con- 
siderable energy has first to be expended before 
useful work can be given out at the pile shoe. 
In the case of long piles, for example, this may leave 
little or none remaining to enable any more progress 
being effected in driving it further into the ground. 
This condition is what is commonly referred to as 
the “ Refusal” and the aceompanying springy 
movement observable at the pile head is what is 
known as the temporary compression set. For 
driving through hard resistances, the steel tube 
provides a very efficient instrument for the purpose 
due to its high value of E and structural strength. 

The curves of efficiency which can now be derived 
from the foregoing considerations enable it te be 
seen at a glance what weight of hammer and stroke 
must be provided to perceptibly overcome a resist- 
ance specified for any length of pile, and also serve 
to indicate what steps, if any, are expedient for 














ensuring that the power at disposal is spent in the 
most profitable way. In accordance with the 
corrections thus arrived at in the account for 
energy, we obtain for the energy applied at the pile 
head beneath the cap 


— r2\ 
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where P = W and for the energy spent below the 
pile cap in the tubular column and ground 

p® /Ao\2 
& (x) 
Dividing these equations by W h we obtain 
1-2 
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The overall efficiency = 
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or 


denoted by » 


eS See ee 
% — 1 — 73 = 7, the value sought after. 


.*. 7 Wh is the useful work which can be acconii- 
plished at the pile shoe. 

To afford serviceable data for use in plotting 
curves of efficiency, values of , have been figured 


out in Table I for A = 0-25 for wood cap, and in 

Taste I.—E ficiency of Hammer Blow as Delivered on 
Driving Cap Tabulated for Ratios of Es up to 2, and 
A = 0°25. 











Ratio of n ii Factors for Impact. Efficiency 
pen he 1 a2 of Blow on 
Pp Ww WwW oy o* p+ " w Pile Cap 
w Pp w Pe ~* 
0 « 1 10 +0 1-0 
4 2 1 0-666 + 0-021 0-687 
1 1 1 0-50 + 0-031 0-531 
14 4 1 0:40 + 0-038 0-438 
2 A 1 0-333 + 0-042 0-375 











Taste Il.—Hammer Blow Efficiencies Tabulated for 
Ratios of = up to 2, and A = 0°6 for Steel Tube. 








Ratio of : Factors for Impact. Efficiency 
as 2 a Mave 
P w =WA | 144 P 71,0 oa 
Ww Pp w P ™ 
0 0 1 10 +0 1-0 
; 2 1 0-666 + 0-120 0-786 
1 1 1 0-50 + 0-18 0-68 
li 1 0-40 + 0-215 0-615 
2 1 0-333 + 0-240 0-573 











Hammer blow efficiencies as applicable to steel tubular 
piles correspond to the detiqndd ratip of 
Ao _ 240 


* 9q. in, = 6°7 


and \ = 0°25 


36 
Table II for \ = 0°6 for steel for ratios of w 


up to 2, all-round serviceable results being obtain- 
able in practice within the range of } to 14. 


(To be continued.) 





THE WORKS OF THE FRENCH BABCOCK 
AND WILCOX COMPANY. 

Tue works of the French Babcock and Wilcox 
Company are situated at Aubervilliers-La Cour- 
neuve, 12 minutes by railway from the Gare du 
Nord, the Paris terminus of the Northern of France 
Railway system. They were started in the year 
1898. The site has an area of 153,000 sq. yards, 
of which, at the present time, 43,600 sq. yards are 
occupied by the various shops, offices and build- 
ings. The works are shown in the plan (Fig. 1). 
Their specialty is the construction of boiler plant, 
complete in every detail, comprising—besides the 
boilers—superheaters, economisers, water and steam 
piping, mechanical stokers, fuel and ash-conveyors, 
&c. They manufacture special furnaces for all 
classes of fuel, including oil; also forced draught 
mechanical stokers which can deal either with coke 
dust, anthracite or bituminous coal, and work with 
natural draught according to the class of fuel used. 








The boilers are made throughout of steel. One of 
the company’s forced draught mechanical stokers, 
to which reference is made further on, is illustrated 
in Figs. 2 and 3 on the opposite page. 

The first building on entering the works is the 
forge, in which the boiler headers are made, starting 
from longitudinal plates, welded and staggered. 
This shop is divided into three bays, each 60 ft. wide, 
one having a length of 360 ft., the two others being 
180 ft. in length. In the first bay the longitudinal 
plates coming from the adjoining yard, after being 
scarfed on the edges, are folded into rectangular 
header tubes in a special hydraulic press; for this 
work, the longitudinal plates are heated in a furnace 
close by, fired with pulverised coal. From this 
press, the rectangular header tubes are carried to 
the vicinity of the welding furnace in the same bay ; 
there are two welding furnaces, one for the larger 
headers and one for the smaller, both furnaces being 
fired at the sides with pulverised coal. The cold 
headers are passed into the furnace at the back, 
one at a time; when the header in the furnace has 
reached the required heat, a cold one is driven in 
which pushes the hot header under the lap-welding 
rolls. These rolls are mounted close to the front 
wall of the furnace and are driven by a 100-h.p. 
vertical steam engine, supplied with steam from a 
Babcock boiler which is heated by the waste gases 
from the welding furnaces. On leaving the lap- 
welding rolls, the headers are staggered at the same 
heat in one of two hydraulic staggering presses 
located in the central bay of the forge, one for the 
larger headers and one for the smaller. The third 
bay covers reheating furnaces and presses which 
serve for straightening the headers, and machines 
for roughing the holes for taking the tubes. These 
reheating furnaces are also fired with pulverised 
coal. In the case of all the furnaces in this depart- 
ment of the works, there are two pulverisers at the 
side of each furnace ; the coal drops down from a 
hopper at the top of the apparatus, is pulverised 
and is driven into the furnace by fans which form 
part of the machine. The view Fig. 4, on page 676, 
shows a header leaving the welding rolls. 

On leaving the forge, the staggered headers are 


'|taken to the header-machine shop, a building of 


four bays, 30 ft. wide each, and 164 ft. in length, 
where they are finished on the two sides, a hole 
cut on the one side being for the tubes and one on 
the other side for the clamps of the hand-holes for 
cleaning. In bay No. 3 of this shop, the headers 
are rectified under hydraulic presses. The shop 
serves also for the manufacture of drum ends and 
other boiler accessories. A one-bay shop, measuring 
360 ft. in length and 60 ft. in width, is set apart for 
closing-up the ends of the headers by hydraulic 
machinery, the ends being previously heated in 
open coke fires (see Fig. 5, page 676). At the 
south end of this same shop are two hydraulic 
accumulators. 

Between the first bay of the forge and the boiler- 
drum department are two electrically-driven pumps, 
the capacity of each being 85 gallons per minute 
at a pressure of about 2,400 Ib. per square inch. 
Both the pumps stop running automatically in the 
usual way by means of an electric regulator as soon 
as the hydraulic accumulator is at the top of its 
travel. Adjoining the pumps are two electrically- 
driven air compressors for the supply of compressed 
air at a pressure of about 100 Ib. per square inch 
to different machinery throughout the works. 

The boiler-drum shop is illustrated in Fig. 6, 
Plate XXXIII; it measures 425 ft. in length and 
95 ft. in width in, one bay, and is equipped 
for the manufacture of 17 drums per week 
of the company’s standard type of boiler. It 
contains all the necessary machinery, bending 
rolls, multiple drilling machines and riveting 
machines for this output. The machine tools 
are driven by separate electric motors. There 
are three hydraulic riveters in which the boiler 
drums are riveted whilst suspended vertically under 
a special overhead tackle, and all the rivets used are 
electrically heated, four at a time, which is found 
cheaper and much cleaner than the usual furnace 
heating. All the openings in the drums are cut 
out by oxy-acetylene blowpipes. The shop is 
served by two 15-ton electric overhead travelling 
cranes built by the Babcock and Wilcox Renfrew 
works, and one of its ends is set apart for testing 
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'b hydraulic. ‘pressure all boiter ‘wmponent parts | mechanical stokers. The building is 330 ft. leng 
which require‘to be go tested. Thelboilerdrum shop |wnd 65 ft. in width, and is served by » 6-ton over- 
.communtoates with the yard for fiiishel material. head travelling crane. All the machines are elec- 

The machine shop -and the ‘ted] ‘department, |:trically driven im sexies or by separate motors as the 
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views in which are reproduced in Figs. 7 to 9, on 
Plate XXXIII, adjoin each other. The former con- 
tains a full equipment of modern machine tools both 
for machining all the different component parts of 
boilers and keeping the various shops throughout 
the works in repair, also for machining the parts 
which enter in the company’s forced-draught 
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with fuel pulverising apparatus for furnace heat- 
ing. This part of the works is illustrated in the 
view Fig. 10, on Plate XXXIV. A Babcock and 
Wilcox forced-draught stoker is shown in Figs. 2 
and 3 already referred to. These stokers differ 
from the natural draught mechanical stokers and 
are provided with air draught boxes in which air 
is driven by a fan, each box being fitted with a 
damper. Natural draught stokers were first put 
upon the market for burning coal containing over 
20 per cent. of volatile matter, a class of fuel which, 
formerly, gave but indifferent results with hand- 
fired boilers. The development in their use led the 
company to design their improved type of forced 
draught machine which we illustrate. It is capable 
of dealing most satisfactorily both as regards com- 
bustion and efficiency, with coal other than that 
containing over 20 per cent. of volatile matter, 
coal having a heavy ash content and practically 
useless hitherto, increasing at the same time the 
evaporating capacity of a boiler for any given coal, 
and supplying the insufficiency of an existing 
chimney stack the transformation of which would 
be costly or, probably, impossible to carry out. 
The first patent taken out by the company for this 
type of forced draught mechanical stoker is dated 
1914; they have since improved it, the latest type 
being styled their “ 1920” design, which is the one 
illustrated. 

Within easy reach of the group of shops above 
dealt with, is the boiler-front and structural de- 
partment, a building 175 ft. square, in five 
bays, containing the machinery for thinner plate 
and sheet work, punching and shearing machines, 
plate and sheet benders, &c. It is interesting to 
note that practically all the boiler component parts 
built up of thinner plates, or sheets, such as the 
boiler-front work, and -the air flues for the forced- 
draught stokers, are not riveted but are welded 
with the oxy-acetylene blowpipe. 

The pipe shop, adjoining is a building 230 ft. 
long and 85 ft. wide, in which all the weldless 
steel and copper tubes of all sizes and for all pur- 
poses are bent and set. The shop also serves as a 
smithy and contains two steam hammers which are 
supplied with steam from the boiler house at the 
power station. 

The boiler house contains four Babcock and Wil- 
cox boilers, of 1,830 sq. ft. heating surface each, 
working alternately or together according to re- 
quirements, and equipped one with oil burners, 
two with the company’s forced-draught mechanical 
stokers, and the fourth, at the time of our visit, 
with a coal pulverising machine for experimental 
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case may be. The small tool department (Fig. 9) 
contains lighter machinery, the tool-making shop 
and tool stores. 

In direct communication with the latter is the 
forced-draught mechanical stoker department, a 
bay 410 ft. in length and 60 ft. wide, in which 
this speciality of the works is erected, tegether 


al 
purposes. The steam is supplied to a horizontal 
610 h.p. engine, direct coupled to a continuous 
current, 220-volt generator. The engine room also 
contains a 120 h.p. vertical engine also direct- 
coupled to a dynamo of the same type. Besides 
the current thus generated in their engine room, 
the company take from the town supply two-phase 
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current at 12,000 volts, 42 periods, which they 
transform down to 220 volts for power and light- 
ing. The transformers are installed in separate 
transformer stations. In the basement of the engine 
room is the condensing plant connected with the 
above-mentioned horizontal and vertical engines, 
the water cooling tower being outside. 

The iron foundry, views of which are repro- 
duced in Figs. 11 to 13, on Plate XXXIV, is 
295 ft. in length and 180 ft. wide. It contains 
four cupolas, is served by four overhead electric 
travellers, three of 7°5 tons and one of 5 tons, 
and can cast pieces up to 6 tons. Sand-moulding 
machines (Fig. 13) are used for special pieces, such 
as stoker links. All the necessary patterns are 
made in a pattern shop close by. 

The shop in which the tubes are expanded into 
the headers and the sets thus formed assembled, 
is called the section shop, and is illustrated in 
Figs. 14 and 15, on page 677. It contains two 
section-benches on which the tubes are expanded 
in the headers by electrically-driven tube expan- 
ders, the work being carried out rapidly and with 
the utmost care. The benches (Fig. 14) are double, 
the tubes being expanded in one header at each end 
simultaneously. The building which measures 
330 ft. in length and 55 ft. in width also contains 
a tube stores, as will be seen from the illustrations, 
and is further set apart for manufacturing super- 
‘ heater parts by the expanding of 1-5-in. bent tubes 
in their square boxes, The tubes are all of weldless 
steel and are bent cold to the shape of the Babcock 
and Wilcox superheater. 

The various shops, as can be seen from the plan, 
Fig. 1, on page 675, are connected together by 
narrow gauge and normal gauge railway tracks, 
while a siding connects the whole works with the 
Northern of France Railway system. 

Near the main entrance to the works is the 
laboratory for the chemical analysis of coal, gas, 
steel and other metals, oils, &c., and for the physical 
tests of metals. This department is also equipped 
for metallographic investigations. 

A boiler set for a power station in the North of 
France, which could be seen recently at the works, 
completely erected and ready for dismantling and 
delivery had a heating surface of 10,760 sq. ft. 
It was fitted with Babcock and Wilcox super- 
heaters having a surface of 5,380 sq. ft., Green 
economisers of 560 tubes of 13 in., with a triple 
set of Babcock and Wilcox forced-draught mech- 
anical stokers, 335 sq. ft. in grate area. 





THE INTERNATIONAL RAILWAY 
CONGRESS AT ROME. 
(Concluded from page 646.) 

Stow Freieut Trarric. 

On Friday, April 21, Section III of the Congress 
considered the organisation of slow freight traffic 
in order to increase the effective operation of the 
rolling stock and the lines. Under this heading 
came also the questions of the advisability of 
using heavy or light trains, fast or slow trains, 
through, pick-up and distributing trains, and also 
shuttle services. Five reports, which we summarise 
below, were presented, the various reporters being 
Mr, Edillo Ehrenfreund, who spoke of the practice 
of all countries except Great Britain, France, 
Belgium and America. The reporters for the latter 
countries were respectively Sir Herbert A. Walker, 
M. Guerber, M. U. Lamalle and Mr. W. H. 
Williams. The report on slow freight traffic for 
America was in the hands of Mr. W. H. Williams, 
of the Delaware and Hudson, and the Wabash 
Railroads. In this report Mr. Williams stated that 
the railroads in the United States owned 2,632,141 
revenue freight cars, and in addition a number of 
railroad service cars. Private shippers, &c., owned 
an additional 174,798 cars. The average marked 
capacity of all cars now was 40 tons. Over 1,000 
cars of 110 tons capacity were in use. Of the total 
locomotive mileage 44-5 per cent. was for freight 
service and 18-5 per cent. freight shunting. Freight 
was usually made up in car loads either by encourag- 
ing shippers to dispatch in full cars, or by making 
up car loads to certain destinations and dispatching 
when complete, if necessary delaying more than a 





day to do so, The chief classes of train were quick 
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dispatch, or fast freight, and ordinary freight. The 
former had a sustained average speed of 18 m.p.h. 
between terminals ; the latter 10-12} m.p.h. Pack- 
age or “less than car load” freight represented 
only 4-5 per cent. of the total tonnage, but required 
23 per cent. of the cars loaded per day. The average 
trip of a freight car was 14-9 days. A car was in 
the hands of the shippers 36} per cent. of each 24 
hours, and on the repair tracks 9 per cent. of that 
time. Actual movement over the road averaged 
about 3 hours per day, the balance of about 10 hours 
being occupied in shunting. Considerable en- 
deavours had been made to secure the co-operation 
of shippers in better loading, and of the men in 
better movement, with a good deal of success. 
Everything should be done to aim at big car and 
train loads. 

Sir Herbert A. Walker’s report pointed out that 
in this country we had no fast and slow freight 
service with appropriate rates for each, and if such 
were introduced traders would have to accept a 
worse service than they had been accustomed to 
while the reduced rate would not recompense the 





railways for any advantages gained. The essence 
of transport here was speed and prompt delivery. 
Loading of wagons had improved, and wherever 
possible every endeavour should be made to increase 
train loading and at the same time adopt larger 
capacity wagons for any suitable traffic. Common 
use of stock had been found to result in consider- 
able economy. The system of forwarding wagons 
to specified places on certain days only instead of 
partly loaded every day had been instituted in 
some cases. Speed had to be maintained in order 
to meet the traders’ requirements, and a good deal 
of advantage accrued in this connection of running 
most of the goods traffic by night when the lines 
were not so occupied with passenger traffic. 

The report for France and that for Belgium may 
be briefly summarised together. The former was 
by the late M. Guerber, of the Northern Railway 
of France, while the latter was by M. U. Lamalle, 
of the Belgian State Railways. For these countries 
the standard wagon might be taken as of 20-ton 
capacity. The tendency to increase to this size 
was due to the relatively smaller cost and relatively 
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smaller tare of such wagons as compared with 10-ton 
wagons. The Belgian system kept to a few standard- 
ised types, leaving the provision of special types of 
stock, generally speaking, to private shippers. In 
France full loading was encouraged by an adjusted 
scale of rates, the more complete the load, the lower 
the charge per ton. The same principle was applied 
though differently worked out, in Belgium. Every- 
thing was done to speed up the unloading of wagons, 
and bonuses were granted in France in marshalling 
yards. In France it was often the practice to 
return empty stock in trains averaging about 30 
m.p-h. Signals should be spaced with more regard 
to a uniform time interval between trains. Slow 
passenger trains should have about the same speed 
as freight trains. In Belgium conditions with 
regard to delivery resembled to some degree those 
of this country. Delivery to the furthest destina- 


tion by ordinary freight could be effected in 14 |6-2 m.p.h. and 10 m.p.h. 





For small consignments a load of about 2 tons was 
considered sufficient to allow a wagon to go forward. 

The report on this subject for countries not 
touched by the other reports, of which summaries 
have just been given, was drawn up by Sig. Edilio 
Ehrenfreund, of the Italian State Railroads. Sig. 
Ehrenfreund’s conclusions may be given as follows: 
All systems were moving towards standardisation 
of wagons, with a tendency to the use of more 
open wagons, sheeted. Special wagons were left 
to be furnished by private enterprise. Most coun- 
tries ran both fast and slow freight trains, and made 
up through trains for running between important 
points. The speed was dependent upon the pas- 
senger traffic, and branch line trains had to be 
fitted in to suit main line work. Through trains, 
though booked higher, attained speeds between 
12-5 m.p.h. and 18-5 m.p.h., and ordinary trains 
In order to make 


hours. Trains ran to 1,000 or 1,200 tons gross, | the best use of locomotive power the effort was 
but high booked speed was more the result of | made to improve timing by cutting down station 


cutting down stopping times than of fast running. | 


stops. Some countries handled traffic on pick-up 


trains by staffs carried on the train. Rates fre- 
quently depended upon a minimum load per wagon, 
being less if the wagon were well filled. 

The conclusions of the delegates were lengthy, 
but did not amount to much more than a general 
statement of the tendencies shown in the handling 
of freight. It was observed that the tonnage and 
the number of wagons of freight trains tended to 
increase, the usual capacity of a Continental goods 
wagon being now 20 tons, a figure which was always 
exceeded in America, where 100-ton wagons were 
now employed. Railways were endeavouring to 
reduce the trips of empty stock by restricting the 
number of types of vehicles, and Continental 
railways had left to private enterprise the construc- 
tion of all vehicles for special purposes. When 
railways in the same country were divided among 
a number of different owners, a “‘common-user ”’ 
arrangement for stock had a beneficial result in 
reducing the number of empty journeys. A 
figure of 80 was being approached, as the number 
of vehicles composing a goods train, and the use 
of pilot or banking engines on short inclines, and 
the employment of two or three engines on steep 
gradients were general. The forwarding of wagons 
on given days only ensured a more efficient use 
of rolling stock, but on the other hand it involved 
large warehouse accommodation and greater pre- 
cautions against theft. More and more advantage 
was being taken of gravity in shunting yards, either 
by means of sidings on a slope, or by “ humping.” 
The granting of bonuses to shunters was advan- 
tageous in getting the best output from the yards. 
The public were encouraged to use the rolling stock 
in an efficient manner by tonnage rates differing 
in accordance with whether the wagons are loaded 
to full capacity or not. Unloading is hastened 
by immediate notification to the consignee of 
the arrival of a wagon, some railways using the 
telephone for the purpose. 


PassENGER TERMINALS. 

The report for all English-speaking countries on 
the question of terminal stations for passengers, 
in regard to arrangements for reducing the move- 
ments of locomotives and stock, which subject 
was considered by Section III, was compiled by 
Mr. A. 8. Baldwin, of the Illinois Central Railroad. 
This had been drawn up, owing to delay in receiving 
replies, as a main report which related wholly to 
the position as governed by customs and methods 
in America, and a short supplementary document 
which was concerned with British terminal practice. 
In his main report Mr. Baldwin described many of 
the well known terminals and their distinguishing 
features, with the reasons for their adoption. Each 
constituted a problem by itself, though there were 
considerations which favoured one type or another 
according to the site and traffic to be accommo- 
dated. They divided themselves into three main 
groups, in America designated as stub terminals, 
through, and loop terminals. The stub terminal 
in which the trains ran into deadends enabled 
passengers to get to the trains without stairs. 
In the through terminal it was necessary to provide 
stairs or elevators. The loop terminal could seldom 
be used for steam roads on account of the radius 
of the curves required. It offered favourable loca- 
tions for engine and-train siding facilities. The 
capacity of a stub station was limited by the ade- 
quacy and flexibility of the throat arrangements, 
and excessive backing in and cross-over movements 
restricted the use of its accommodation. In 
through and loop terminals trains could follow fast 
after each other in the same direction. This was 
an advantage with suburban traffic, but if the stand- 
ing time were long the advantage over the stub 
type of terminal was not so pronounced. In 
America, trains were made up in a particular order 
with express and baggage cars next the engine and 
passenger cars in the rear. Often a baggage car 
took 20 to 30 minutes to unload, and the engine 
in a stub station could not be cleared until all this 
work was ended. This can be avoided by turning 
and backing in, but this involved time. In some 
through stations the engine was released on arrival, 
and the train broken up by shunting engines work- 
ing at both ends. Station tracks could be released 
more quickly if baggage and express cars were re- 





moved promptly to other roads for unloading and 
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adequate length of tracks was essential in order that 
fexibility of working be maintained. Breaking a train 
into two sections was inconvenient, as was also the 
need of having always to deal with trains on assigned 
tracks. Internal cross-overs added to capacity. 

Mail matter could often be handled from a 
separate building, and the tracks should be 
served by conveyors and chutes, &c. Several roads 
handled trains exclusively made up of mail cars. 
Less than car load mail could usually be dealt with 
while baggage was being unloaded. Express busi- 
ness was also now frequently handled in trains exclu- 
sively of this character and was sometimes dealt 
with at separate terminals, in which the cars were 
preferably accommodated in separate docks branch- 
ing obliquely off main tracks. It was advant- 
ageous to separate baggage platforms from passenger 
platforms, as less room had then to be provided for 
the latter and work was expedited on the former. 
Suburban and main line services should be separated. 
Train sidings should be approachable from either 
end. A loop or triangle was better for turning than a 
turntable, preferably the first. Electrification con- 
siderably increased the capacity of a terminal, even 
if transfer was made to steam working some little 
distance out. 

Many of the above points relate more pecu- 
liarly to American customs, and Mr. Baldwin’s 
report on British terminals is not nearly so com- 
prehensive. He points out that whereas in typical 
terminals in America about 49 per cent. of the 
traffic is suburban, in British terminals this often 
amounts to 79 per cent. The make-up of the trains 
over here is altogether different from those of 
America, and the discussion of questions regarding 
baggage, mail and so on is on an altogether different 
footing. This part of the report was accompanied 
by tables showing the traffic handled in several 
typical stations in this country. 

Terminal passenger stations, so far as other 
countries than those using the English language 
were concerned, were dealt with by Sig. L. Maccallini 
of the Italian State Railways. As regards Europe 
the events of recent years had been unfavourable 
to any large changes, while most of the important 
terminals in such countries were restricted as to 
site and these old locations practically controlled 
the lay out. It was, however, considered desir- 
able to separate suburban and main line traffic as 
far as possible, while if this were not altogether 
feasible certain platforms might be exclusively 
reserved for suburban traffic at certain hours of the 
day. Loops afforded the best means of accelerating 
suburban traffic. Track accommodation at the 
ends of the platforms enabled engines to be changed 
quickly and cross-overs or traversers assisted 
handling. In the case of two platforms served by 
lines between them a third central line greatly 
facilitated operations. Adequate sorting siding 
accommodation was essential, and such sidings 
must serve the maximum number of platforms. If 
any distance outside the station they should be in 
communication with it by independent lines. They 
might with advantage have small groups of dead 
ends in connection with them for the making up of 
trains. Unloading and loading of parcels and postal 
vans at special points might be easily arranged, 
but involved more movements in attaching to, and 
detaching from, trains. Mechanical means for 
loading, &c., would reduce the time the platform 
was occupied. Outgoing trains should have the 
same formation as on arrival, and therefore should 
have luggage vans at front and rear. Empty 
trains should be worked out of the station by the 
train engine. 

The discussion on terminal stations for passengers 
resulted in a number of conclusions, which, however, 
did not differ materially from those summarised 
above. Discussions as to the ideal terminal 
passenger station are somewhat academic, and in all 
actual cases the special features and conditions of 
each site dominate the practice followed. Loop 
terminals were endorsed wherever their installation 
was possible, as they reduced to a minimum the 
work of clearing the platform tracks and turning 
the trains, besides doing away with all the inter- 
fering movements associated with stub terminals. 
Main line and suburban passenger service should be 
separated as much as possible. In cities where 


extensions of the railway companies’ property were 
impossible, improvements might sometimes be 
effected by removing the lay-outs which did not 
directly affect passenger service, such as round- 
houses and siding yards, to some other site, and 
connecting them to the station by independent 
tracks. Electric propulsion had great advantages 
over steam from the point of view of reducing 
shunting in the stub terminals, as: eleetric trains 
ran equally well in either direction. 
Freight TERMINALS. 

The reports on freight stations, a subject dis- 
cussed by Section ITI of the Congress, were presented 
by Sig. E. Ehrenfreund, of the Turin Section of the 
Italian State Railways, and by Messrs. Julien and 
Moutier respectively, of the Orleans and the 
Northern Railways of France. The former report 
dealt with various modern freight stations in Italy, 
including Genoa harbour yard, Milan yards, a yard 
at Turin, and others. In the conclusions appended 
to the report it was recommended that freight and 
passenger service should be kept apart, and that 
separate tracks should be reserved for loading and 
unloading. Such tracks should be well connected 
with the shunting sidings, or arrival and departure 
sidings. These sidings should be as near at hand as 
possible. Conditions of site usually governed the 
lay out of warehouses, but if there were a choice, 
warehouses parallel with the track, or stepped, 
appeared to be best. Parallel tracks were most 
satisfactory, and longitudinal spurs gave useful 
accommodation for loading and unloading tracks. 
The¥ specialisation of freight yards was recom- 
mended for larger towns, i.e., slow freight may be 
dealt with at one yard, and fast traffic at another, 
and so on. 

Bonuses of various types were arranged to 
encourage the release of trucks, both by traders 
and by the staff. A bonus was awarded to the 
central offices of the Italian State Railways, con- 
nected with wagon distribution; another was 
allotted to employees in connection with the 
expeditious loading of small consignments, and the 
sorting of goods trains. A third was allowed to 
tranship gangs for prompt loading and forwarding. 
A bonus was also awarded to yards making up their 
trains effectively so as to reduce breaking up and 
re-making, while harbour and terminal yard staffs 
also received bonuses for expeditious forwarding 
of wagons, &c. There were also bonuses awarded for 
every wagon received and dispatched from a yard 
within 30 hours, and for every wagon leaving a 
yard in the week over and above the number 
arriving. In order to encourage the delivery of 
advice notes, a bonus to the staff was paid for every 
wagon on which demurrage was charged. 

In the second report above referred to, viz., 
that by Messrs. Julien and Moutier, stress was laid 
on the fact that this had been drawn up on replies 
received before the war. It had clearly, however, 
been carefully edited by its authors since then, for it 
referred to several war and post-war developments. 
The fact was also pointed out that temporary condi- 
tions were so exceptional that few valuable deduc- 
tions could be made from them. The report described 
various typical yards, inland and also connected 
with ports. Several sections dealt with commercial 
conditions, private sidings, the arrangement of 
tracks and warehouses in both kinds of yards, 
and the use of mechanical appliances. It was stated 
that everything should be done to educate the public 
on the question of the prompt release of wagons, 
by means of careful and rigorously applied regula- 
tions.. The 8-hour day had paralysed the old 
customs in vogue as to taking delivery of wagons, 
and had resulted in overloading the shunting 
yards. From 70 to 75 per cent. of the wagons 
placed, in pre-war times, in yards before 10 a.m. 
were released by the evening. The average period 
to-day was from two to two and a-half days. The 
increase had resulted in yards having to accom- 
modate one and a-half times more wagons than 
formerly. With regard to lay out, turntables were 
avoided nowadays, but traversers showed a tendency 
to increase in number. Continuous tracks and 
longitudinal warehouses were recommended. About 
1 sq. metre of covered area should be provided for 
every 25-30 tons of traffic per annum. Separate 





warehouses for arrival and dispatch were advisable, 


but should be conveniently placed, and not far apazt, 
so as. toa avoid shuntimg, The overhead tmavelling 
ji} crane and the aute-truck were among: the best 
mechanieal appliances. to adopt, with chmtes, 
cenveyors, &c., where warranted. 

In the diseussion which followed, it was not con- 
sidered desirable to advoeate the separation of 
goods. and passenger traffic as recommended in 
the report summarised above. Mr. Eir, of the 
Danish State Railways, held that sueh separation 


‘was impossible, and several other delegates thought 
‘it met to be desirable in all cases. The final con- 
‘elusions of the seetion are summarised as follows - 


Lines for loading and unloading freight sl..uld, 
as far as possible, be connected by independent 
tracks with the arrival, departure and shuntiag 
tracks. Stations ought to be built in such a way 
that the making up and unmaking of goods trains 
may be effected at different periods of the same 
day, and when the stations were open to the public. 
Mechanical equipment, and especially capstans, 
increased the efficiency of stations and facilitated 
shunting. Private junctions, which were generally 
of great convenience to the public, might increase 
the capacity of a station and might also facilitate 
shunting. They could always be connected to a 
station by means of a track independent of the 
main lines, whenever such a course was desirable. 


Customs EXAMINATION. 

Amone the general questions dealt with by the 
Fourth Section of the Congress was that of Customs 
Examination at frontiers, the basis of the discussion 
being areport by M. M. Jourdain and Prudent, both 
of the Paris-Lyons Mediterranean Railway. The 
subject is not one of direct professional interest to 
engineers, though all who travel by land or water 
will welcome any suggestions which will mitigate 
the delays and annoyances due to customs procedure, 
which seems to vary between hopeless ineffective- 
ness and intolerable bureaucracy. There was a 


‘considerable discussion on the subject, which may 


have been intensified by the experience of the dele- 
gates in crossing the numerous European frontiers. 
The outcome took the form of certain resolutions, 
prefaced by the opinion that it was very necessary 
to simplify the custom and passport examination 
and to shorten the delay to international trains now 
experienced at frontiers. To bring this about it 
was recommended that examination of baggage 
should take place in trains on the journey, and that 
the railway companies should be empowered to 
charge international travellers extra for this service 
if extra expenses are incurred. As far as possible 
baggage should be examined at the stations of 
arrival or departure, and not at intermediate 
stations en route. There should also be joint 
stations at frontiers, so as to avoid the duplicate 
examination of baggage and passports now required 
at two adjacent frontier stations. 


INTERCHANGE OF ROLLING-STOCE. 

The regulations to be adopted to facilitate the 
interchange of goods wagons amongst the various 
railway companies using them, and to prevent undue 
delay of wagons by consignors or consignees, were 
discussed by Section Four. Two reports on the 
matter were before the Congress, one by Mr. C. W. 
Crawford, chairman of the Transportation Com- 
mittee of the American Railway Association, who 
dealt with the conditions in the United States, 
Canada, and Mexico, and the other by M. Charron, 
of the French Midi Railway, who reported on the 
question for all other countries. Both reports were 
of considerable length. The magnitude of the 
problem, as it concerns the North American Rail- 
ways, is shown by the fact that there are there 
some 2,650,000 freight cars operating on 300,000 
miles of railway, with an average movement per 
day of 24°9 miles per car. On January 1, 1918, 
when the Government took control of the United 
States railways 44 per cent. of these cars were on 
their home lines; when control ceased in 1920, 
only 21-9 per cent. of the cars were at home. There 
had been considerable agitation on the States to 
secure the pooling of freight cars, a policy which 
was popular with railways which did not own 
equipment adequate to their needs. Under any 
plan of operation, which involved the movement of 





cars beyond the rails of their owners, there must be 
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proper arrangements for adequate maintenance. 
It was the general belief that an absolute pool 
would prove disastrous, because the owning roads 
would not be in possession of their cars with sufficient 
frequency to make the necessary repairs. On the 
other hand, rigid ownership, coupled with heavy 
fines for non-observance, had proved burdensome 
both to railways and shippers. Accumulation of 
cars in destination territories resulting in acute 
car shortage in originating territories was one of the 
principal difficulties. Mr. Crawford concluded that 
it was an open question whether the best result would 
be obtained by pooling cars or requiring them to 
be handled under rules recognising ownership. 
Under either system each railway should provide a 
number of cars proportional to the amount of traffic 
originating with it. Adequate maintenance of 
rolling-stock with the least possible useless motion 
of cars was also essential. The free interchange of 
cars best served the public interest, provided the 
movement was controlled by an impartial central 
office, with authority to enforce its orders, and 
acting with due regard to ownership rights and 
to traffic requirements. 

The question of adequate car supply was con- 
trolled to a large extent by the ability and willing- 
ness of consignors and consignees to load and un- 
load cars promptly. To permit one shipper to 
use cars for storage purposes and deny the privilege 
to others constituted a serious discrimination. 
Experience had demonstrated that in times of car 
shortage the demurrage rates should be sufficiently 
high to accomplish the purpose for which they were 
intended. The free time for loading and unloading 
all commodities was 48 hours, but there were 
exceptional cases. Many consignees had provided 
themselves with machinery to expedite loading and 
unloading. At a grain elevator it was possible to 
unload a car containing 60,000 lb. of grain in less 
than half-an-hour, and consignees doing a large 
coal business had provided trestles through which a 
car containing 50 tons of coal could be instantly 
empted. The system of calculating demurrage 
charges upon the basis of the average detention of 
all cars for a month, instead of on the basis of 
individual cars had advantages and disadvantages. 
Its legality has ‘been questioned on the grounds 
that it favoured the large shippers and on the 
aggregate increased car detention. 

The report of M. Charron is too involved to 
summarise briefly as it deals with the practice of so 
many countries. His conclusions are that, since 
the last discussion of the question at the Congress 
in 1892, agreements between various railway 
administrations had been reached with the idea of 
better utilisation of rolling-stock and the simpli- 
fication of accounts. The parties had abandoned 
the system of charging for mileage, and generally, 
the application of penalty charges on individual 
wagons. Many companies had more or less adopted 
a pooling system. These changes were too recent 
to enable their value to be definitely appraised, and 
it was therefore desirable that the question of 
interchange of rolling-stock should again be placed 
on the programme of the Congress at its next session. 
The interchange conventions between various 
countries on the same continent contained stipula- 
tions which were quite foreign to the principle of 
free interchange, and there should be some inter- 
national agreement concerning regulations. With 
regard to demurrage the difference which existed be- 
tween the practice of different countries as regards 
loading and unloading time was so great that it 
seemed that some countries might be making a better 
use of their rolling-stock than they are at present. 
Daily demurrage charges at an increasing rate had 
been sufficiently justified to warrant general adoption. 

The ultimate conclusion of the section which 
discussed the reports was that it was desirable 
that the question should be again brought before the 
next international congress in four aspects, namely, 
that of international traffic regulations ; of regula- 
tions between railways of the same country; of 
regulations between state-owned and private rail- 
ways; and of regulation for the interchange of 
privately-owned freight cars. 


OpERaTION OF Licut RarILways. 
Only one report was submitted on this subject, 
the reporter being M. F. Level, who dealt with the 





question for all countries. For the purposes of 
his report, he had sent round a questionnaire to 
230 light railway administrations, containing 12 
questions, concerned exclusively with such matters 
as the number of classes, the issuance of tickets, 
the checking of tickets, the admission of the public 
to platforms and similar points of purely adminis- 
trative interest. His conclusions as embodied in 
the report that in general the number of 
classes of passengers should be reduced to one or 
two, and that legislative measures were needed to 
protect the companies in cases of fraudulent travel- 
ling without tickets. The report was discussed by 
Section Five who passed resolutions to the effect 
that light railways were being operated at present 
under difficult circumstances, that in addition to 
financial help necessary in most cases, the authorities 
granting concessions should facilitate legislation 
tending to simplification of working and reduction 
of expenses. The direction of such legislation should 
be towards reduction of number of trains and 
passenger classes, leaving certain level crossings 
unattended, and more effective suppression of 
fraudulent travelling. The Government should 
also take extreme care to avoid imposing con- 
ditions which would raise working expenses to an 
impossible level and should leave the companies 
the utmost freedom in such matters as the fixing 
of rates and fares. 


SprecraL Meruops or TRAcTION on Ligut Rattways, 

Two reports were considered by Section Five on 
the above subject: one by Mr. H. B. Spencer for 
America, and the other by Sig. Pietro Biraghi for 
all other countries. Mr. Spencer’s report was 
written in 1914 but is said by the author to repre- 
sent current conditions. The inter-urban electric 
lines and the development of motor ’bus and motor 
lorry services in the United States make light 
railways a matter of secondary importance in that 
country. Special methods of traction were in use 
on six light railways in the States. Three lines 
had between them four petrol-electric cars in ser- 
vice, two lines had three cars directly driven by 
internal combustion engines and one line had a 
couple of steam coaches. The petrol-electric and 
steam cars weighed about 100,000 lb. each, and the 
internal combustion engined car about 65,000 Ib. 
As a rule trailers were not used. Working costs 
were given, but the figures were so different be- 
tween one car and another of the same system that 
no reliable conclusions could be drawn, as Mr. 
Spencer himself admitted. Sig. Biraghi stated in 
his report that only one of the other countries, 
namely, Sweden, had informed him of any new 
method of traction. This consisted of a Diesel- 
electric vehicle, weighing 66,500 lb. and pulling a 
trailer weighing 33,500 lb. The advantages of the 
Diesel engine, as compared with steam, are pointed 
out, but we need not discuss them here. The 
resolution finally adopted by the section, after a 
discussion of the reports had taken place, was that 
“ Tt appears that the principle of coupling 
an internal combustion motor to a dynamo working 
electric generators gives the advantage of avoiding 
in some cases the heavy expense of electrifying the 
line. It seems necessary, however, to await the 
installation of this system in other European 
countries in order to consider how it affects working 
expenses and financial results.” The first part of 
the resolution appears to us to need technical 
support to make it generally acceptable to engineers. 


Sarety Appiiances oN Licut Rattways. 

The report on this subject was originally written 
by Professor Seige de Kareischa, Russian Privy 
Councillor, in 1914, but matters had been brought 
up-to-date by a supplementary report by M. A. 
Bonnevie dealing with the subsequent period. The 
first of these documents consisted almost entirely 
of tabular matter giving particulars of 63 light 
railways in ten different countries, and noting the 
various practices employed by them with regard 
to important features of construction, equipment or 
operation. The conclusions of the delegates in 
Section Five, before whom the reports were brought 
for discussion, were not such as to foreshadow an 
striking changes in practice. It was held that the 
safety of trains on light railways was assured by 
the brakes ordinarily used, but for specially fast 


passenger trains, the continuous brake was ad- 
visable in certain cases. Level crossings need not 
generally be safeguarded by special means. For 
slow-speed lines very simple devices, such as tele- 
phones, staffs, bells, &c., gave enough security at 
the stations and served to control the traffic, but 
when certain sections of single track were common 
to different systems something more complete was 
needed. Points giving access to main lines ought 
to be locked in a safe and simple manner. Where 
the importance of the traffic warrants it, interlocked 
safety switches should be provided at level crossings. 


WorkKMEN’s DWELLINGS. 

Reports on the question of housing accommoda- 
tion for railway workers were submitted by Mr. 
A. F. Banks, ing American conditions, and 
by Sig. Fausto Lolli for other countries. The 
conclusions of the Congress were that railway 
administrations should put at the disposal of each 
of their employees a healthy house containing not 
less than four rooms, namely, kitchen and three 
bedrooms. This should be brought about by the 
railway administration contracting with some private 
organisation, State-aided or otherwise, with whom 
the necessary financial arrangements could be made. 
Railway companies should encourage the forma- 
tion of such organisations among their employees. 
The companies should also take special care of the 
lodging of the employees in charge of all safety 
appliances, in case no house is available in the 
immediate vicinity of their duties. 


Tue New Constirvtion,. 

In view of the reorganisation of the association, 
necessitated by the elimination of ex-enemy interests, 
a revised constitution had to be drafted. This came 
before a special section in the form of a report by 
M. J. Verdeyen, of the Belgian State Railways, 
and secretary of the Permanent Commission of the 
Association. The rules are very much the same as 
those by which the association was formerly 
governed, but it may be noted that it is now ex- 
plicitly laid down that the president and chief 
vice-president shall both be Belgians. In M. Ver- 
deyen’s report, the membership of the association 
was to consist of the 250 railway administrations 
specified, the list being only alterable by a decision 
of the congress. The congress cannot authorise 
its permanent commission to exclude any particular 
country. The list as printed in the report contains 
no representatives of ex-enemy states, so that these 
are presumably excluded until definitely admitted. 
When the report was considered by the special 
section on the motion of MM. Tondelier and Colson, 
respectively president and vice-president of the 
association, it was resolved to increase the qualifying 
length of line from 100 km. to 200 km. unless the 
minimum receipts exceeded 60,0001, a change 
which will have the effect of eliminating 51 small 
companies from the list. This will still further 
reduce the authority of the congress to speak on 
behalf of light railways. 


CoNcLUDING PROCEEDINGS. 

The proceedings of the congress at Rome were 
formally terminated by a general meeting on the 
morning of Friday, April 28, and in the afternoon 
of the same day the delegates proceeded to Naples 
by three special trains put at their disposal by the 
Italian Government. Here they were accom- 
modated on five vessels lying in the harbour, as the 
hotel accommodation at Naples would not have 
been equal to the occasion. The next morning an 
excursion to Pompeii was arranged, the ancient 
city being well examined under the auspices of 
guides speaking the languages of the respective 
groups into which the visitors were divided. The 
extraordinary preservation of the internal decora- 
tion of the buildings and the clearly legible election 
notices painted on the street walls gave a vivid idea 
of the everyday life of the citizens when their day 
came upon them. The extreme narrowness of the 
streets and the state of the paving made one wonder 
how traffic was managed, while also of engineering 
interest were the lap-welded lead pipes and valves, 
still usable, the air insulated walls of the bath rooms 
and, above all, the durability of the paint. In the 
evening the delegates attended a banquet offered 





by the Naples Reception Committee. 
On Sunday, April 30, some delegates accepted 
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the invitation of Messrs. Thomas Cook and Son to 
visit the crater of Vesuvius by means of the funicular 
railway built by the enterprise of that firm. Others 
went on an excursion to the famous island of Capri. 
A special performance of the opera “ Rigoletto” 
was given at the San Carlo Theatre in honour of the 
delegates in the evening. The next day, the new 
Naples-Rome Railway, now under construction, was 
inspected, and after a reception by the Mayor of 
Naples at the Royal Palace, the vessels on which 
the party were lodged put out for Genoa. This city 
was reached on May 3, and the day was occupied by 
excursions and receptions by the authorities. The 
next morning the members departed to Bardon- 
nechia to inspect the railway electrification work, 
and the congress closed-with a reception on board 
the 8.8. Jules Cesar on the evening of May 4. 

It was announced at Rome, that the next congress 
would be held at Madrid in 1927, on the invitation of 
the Spanish Government. 





WORKS OF THE SOCIETE GENERALE 
DE CONSTRUCTIONS MECANIQUES. 
Tas company, whose present works are at 

Aubervilliers-La Courneuve, to the north of Paris, 

had its origin in a small factory established in 1840 

at the site in Paris, 54, Avenue de la République, 

where are now the central Offices of the concern. 

The original factory manufactured mainly, at first, 

flour milling machinery, and a few years later under- 

took general engineering work. In 1860, they 
specialised in the construction of steam prime 
movers, and in 1873 they greatly extended their 


Fig.1. 





Heavy machine shop. 
Small machine shop. 


A. eons shop. 
B. Test 8. 

C. Pattern shop and stores. 

D. Offices. 


> 
K. Boiler and gas producers. 
L. Power station. 
E. Stores. M. Smithy. 

F. Plate and sheet shop. N. Clothes lockers. 

G. Smithies for small work. O. Garage. 


scope by introducing in France the Corliss engine. 
The name of the firm changed several times; in 
1898 and,until 1908 it was known as the firm of 
Messrs. E. Garnier et Faure-Beaulieu, who, in the 
latter year transformed it into a company under 
its present name. 

The works are shown in the plan, Fig. 1, as they 
now stand ; they were commenced in 1910, and were 
started running in 1911. The area of the site is 
73,000 sq. yards, of which about one-quarter is 
covered by shops and buildings. The works are 
connected by a siding with the Northern of France 
Railway system, both for the supply of material 
and stores and the delivery of finished engines and 
machinery. 

In close proximity to the offices, near the works 
entrance, is situated the heavy machine shop, the 
length of which is 385 ft., the width 150 ft., in two 
bays of 60 ft. and one of 30 ft. This shop, which 
gives directly into the erecting shop, both forming 
one complete installation, is served by an electric 
overhead travelling crane of 30 tons, with a 15-ton 
auxiliary lift, a similar crane of 25 tons, one of 
12 tons and two of 10 tons. This heavy machine 
shop, a very fine one of its kind, as will be seen by 
our illustrations, notably Fig. 2, Plate XX XV, con- 
tains a complete variety of heavy machine tools, 
separately driven by electric motors, and all in full 
work at the time of our visit, a few weeks ago, 


machining the component parts of gas engines, | and other correspondingly powerful boring, milling, 
Diesel engines, Rateau turbines, &c., which form | planing and other machines. We may here remark 
part of the company’s present-day specialities. | that the company build Rateau turbines of powers 
Among the machine tools may be mentioned a|ranging from 1,000 kw. to 15,000 kw. A portion 








Fie. 8. Monorarm Crane. 
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Fic. 9. View in Power Station. 


lathe having a length of 39 ft. between centres|of the south end of the heavy machine shop is 
and 20 in. height of centres; another lathe, the|set apart for the erecting of engines, and there 
corresponding dimensions of which are 25 ft.| were in course of progress when we called two 
and 41 in.; a heavy vertical turning and boring| gas engines, one of 230 h.p. and one of 150 h.p. ; 





machine; a face lathe of 10 ft. face diameter, | also four steam engines of 250 h.p. each to work 
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Fic. 2. View ry Heavy Macuine SHop. 
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5-TON 


TANDEM STEAM ROLLER. 


CONSTRUCTED~BY MESSRS. ROBEY AND CO., LIMITED, ENGINEERS, LINCOLN. 





with superheated steam ; and six Diesel engines of 
120 h.p., 200 -h.p., 240h.p. and 300 h.p. The sides 
of the heavy machine shop are occupied by smaller 
machine tools, served by electric monorail hoists. 

The erecting shop proper, shown partly in Fig. 3, 
Plate XXXV, and also by Fig. 12 on page 688, 
is a two-bay building at the south end of the 
heavy machine shop and transversal to it; each 
bay is about 50 ft. wide and 215 ft. in length, 
one end being set apart for the testing in full 
running order of the gas engines, Diesel engines and 
Rateau steam turbines built by the company. In 
course of erecting were to be seen three multi- 
cellular Rateau air compressors, each having 28 
wheels, to run at a speed of 3,000 r.p.m. and to 
deliver air at a pressure of about 100 lb. per square 
inch, for a French colliery. There were, besides, 
four 1,500 kw. to. 3,000 kw. Rateau steam turbines ; 
a Rateau centrifugal circulating pump having a 
capacity of 1,800 cub. m. (400,000 gallons) per hour. 
The erecting shop is served by a number of powerful 
electric overhead travelling cranes and with several 
hand cranes suitably placed to deal with the work 
in progress. 

Views in this portion of the works are also given 
in Fig. 4, Plate XXXVI; illustrating a heavy 
drilling machine and Fig. 5 showing a vertical 
turning and boring machine. The bay devoted to 
smaller lathes is shown in Fig. 6, whilst Fig. 7, 
Plate XXXVI, illustrates the inspection room for 
small machinery parts. Fig. 8, on the opposite 
page, shows one of the monorail cranes in the 
heavy machine shop, while Fig. 9 is a view in the 
power station. Fig. 10, on page 688, illustrates 
a heavy boring machine, and Fig. 11 one of the 
heavy lathes is shown. Fig. 12, on the same 
page, is a view in one of the bays of the erecting 
shop, and Fig. 13 shows the pattern shop. 

South of the erecting shop is located the works 
power station containing two gas-driven electric 
sets of 250 h.p. each, direct-coupled to continuous- 
current 220-volt, 185-kw. dynamos ; also a 200-h.p. 
Diesel engine direct-coupled to a similar class of 
machine, and a 250-h.p. Rateau turbine having a 
speed of 5,000 r.p.m., with 1 to 5 reducing gear, 
driving a continuous-current machine of 200 kw. at 
1,000 revolutions. A rotary converter set to provide 





for any emergency is close by, for taking current 
from the Fichet-Heurtey town supply, also an 
equalising set for continuous-current distribution at 
220 volts over two bridges of 110 volts each. <A 
view in the power station is reproduced in Fig. 9, 
on page 680, already referred to; this was taken 
when one only of the two 250 h.p. sets was at work. 

Adjoining the power station is a separate room 
containing two 250 h.p. Fichet-Heurtey gas pro- 
ducers, a 150-h.p. suction double-grate gas pro- 
ducer and four steam boilers of 1,615 sq. ft. heating 
surface each, provided with superheaters and 
supplying steam to the turbine in the power station 
and steam for testing the turbines built by the 
company. Two of the boilers are oil-fired. 

A small fitting shop, plate shop and smithy com- 
bined communicate with the erecting shop. A heavy 
plate shop is a separate building in two bays of 
35 ft. each and 65 ft. in length. In this latter are 
made the large steam and other pipes. The machine 
shop containing the smaller machine tools is about 
35 ft. wide and 235 ft. in length, and is equipped 
for the manufacture of the valve and other gear 
of the Diesel, gas and steam engines. In this latter 
shop the machine tools are electrically driven, 
separately for the most part. A portion of this 
same shop is reserved for the erection of semi- 
Diesel engines and of multi-cellular Rateau mining 
pumps for lifts up to 800 m. (2,625 ft.). In both 
shops are a tool-making department and a tool stores, 
also a stores in which every piece after each opera- 
tion is received and inspected before being further 
dealt with (see Fig. 7). In close proximity is a 
shop for heat-treating the component parts of 
engines, containing all the necessary furnaces and 
hardening tanks, and in which white metal is cast. 
This shop also serves as a smithy, it being provided 
with a 6-cwt. steam hammer. The pattern shop is 
shown in Fig. 13. 

During the war, the various shops, besides their 
engineering work, manufactured in large quantities 
gun carriages, anti-aeroplane shells and bombs. 





FIVE-TON TANDEM STEAM ROLLER. 
A new model of tandem steam roller which is being 
manufactured by Messrs. Robey and Co., Limited, of 
Globe Works, Lincoln, is illustrated above. The 
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engine and boiler of this machine are identical with 
those used on Messrs. Robey’s well-known steam wagon, 
and the chief point of novelty lies in the remarkably 
simple frame which has been adopted. As will be 
seen, this essentially consists of a pair of channels which 
are bolted to the fore-carriage casting which carries the 
front roller fork. Journal brackets bolted to the under- 
sides of the rear ends of the channels carry the back 
roller, while the bearings for the cross-shaft, which 
carries part of the transmission gearing, are mounted 
on top of the channels, The cross-shaft which does 
not rotate may be looked upon as a stay rather than a 
shaft. It supports the rear end of the boiler, the 
front end of which is bolted to the fore-carriage. These 
general features of the main framework of the machine 
will be followed from Fig. 1 and 2, The arrangement 
of the cross-stay to which we have referred is shown 
in Fig. 3, while the back axle bearings and the method 
of carrying the roller guard and foot plate from the 
chamedl frame are shown in Fig. 4. 

The boiler is of the locomotive type with round fire- 
box and nostays. There are forty-one 1}-in. tubes and 
the total heating surface is 78-17 sq. ft. The grate area 
is 3-14 sq. ft. and the working steam pressure 200 Ib. 
per square inch. A 40-gallon water tank is provided 
slung below the boiler as shown in Fig. 1. The engine 
is of the compound horizontal type with piston valtte 
and safety valves fitted on top of the cylinders with 
escape pipe leading to the chimney. The cylinders are 
4 in, and 7} in. diameter with 7-in. stroke. The flywheel 
is 2 ft. diameter. A feed pump is provided driven at 
a reduced speed through gearing. The main drive is 
through cast-steel machine-cut gearing and a chain 
as shown in Figs. 1 and 3. The gearing may be dis- 
en to allow the engine to run when the roller is 
standing. The back roller which is shown in section 
in Fig. 4 is 3 ft. 7} in. diameter by 3 ft. 8in. wide. The 
rim is of tough cast-iron and is so bolted to the side 
plates that it is readily renewable. 

The front roller, which is shown in cross section in 
Fig. 5, is made in sections and has a diameter of 
2 ft. 6 in. and a total width of 3 ft. 8in. The front 
fork carrying this roller is a mild steel forging. Steer- 
ing is by worm and quadrant as clearly shown in Figs. 
1,2 and 5. Both front and back rollers are fitted with 
adjustable steel scrapers. The total length of the 
machine is 12 ft. 9 in. and it has a speed of 4 miles an 
hour, the engine running at 430 revolutions per minute. 
At this speed the engine gives 25 b.h.p. The roller has 
a weight of 5 tons, but a 6 ton generally similar model 
is also built, 
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POWDERS AND THEIR GRADING. 


Tur problems of powders and their grading have an 
important bearing upon many industrial processes. 
The metallurgist crushes his raw material in order to 
separate ore and gangue which may be very intimately 
mixed. Fine subdivision is desirable also to facilitate 
the subsequent smelting; but all disintegrators will 
yield a certain amount of fine powder which is apt 
to slime in the presence of water, and such slimes may 
resist further resolution as, for instance, in the case of 
the very heavy tungsten ores. The Portland cement 
manufacturer grinds his material finely; the glass- 
maker wants a fine, very pure sand, and the keramic 
industry requires very fine and pure cla 

Geologists and agriculturists also are interested in 
the dimensions of the sand grains and muds of 
deposits and of the soil, matters about which the 
hydraulic engineer and oil producer are likewise con- 
cerned. Most of the powders above referred to would 
still be too coarse for the colour chemist, the grains 
of whose pigments should not exceed dimensions of 
0°01 mm. The discussion of these problems at joint 
meetings of the Faraday Society and the Oil and 
Colour Chemists’ Association, held recently, was more 
of a physical than of a practical character. 

Apart from microscopical tests, which can only deal 
with very minute quantities, the simplest grading is 
effected by means of sieves, jigs or trommels. Sieves are 
classed as to the number of meshes to the linear inch. 
That is meaningless unless the thickness of the wire or 
fibre out of which the sieve is made is also stated. The 
Institution of Mining and Metallurgy specifies that the 
wire diameter must be such that the aperture is one-half 
of the distance between the wire centres. Yet the still 
common specification that not more than, say, 5 per 
cent. should not pass through a sieve of a certain mesh 
is not sufficient to characterise a powder. Cement 
manufacturers prescribe that the residue on a 76-mesh 
sieve shall not exceed 3 per cent.. and on a 180-mesh not 
exceed 14 per cent. The finest technical sieves of 
200-mesh would allow particles of 0°065 mm. to pass, 
provided the particles be spherical ; needle-shaped and 
flat particles might or might not pass. Professor 
T. M. Lowry, F.R.S., of Cambridge, who, in his con- 
tribution to the discussion dealt particularly with 
“Grading by Elutriation,” mentioned that sieves of 
350-mesh had actually been made; their manufacture, 
however, must be difficult, and their use troublesome. 

The other grading methods rely on separation by 
fluids, air or liquids. In air flotation and flourometers 
a current of air is blown upward through the powder, 
and the process is recommendable for powders like 
cement which must not be wetted; but very little 
quantitative research has been done on these methods. 
Grading by sedimentation or subsidence in a liquid is a 
much older and more general method. The liquid may 
be water or a chemically inert solution, e.q., of calcium 
chloride, or carbon tetrachloride, paraffin, &c. Ore 
flotat‘on by means of water, soap and a little oil, which 
preferentially adheres to some materials, is a recent 
development leading over to the elutriation processes 
which are essentially modern, though coal has long 
been washed by elutriation. The point in elutriation 
is that an upward water current will carry light 

articles with it leaving the heavy particles behind. 
n its simplest single-vessel form, as shown by Dr. 
Lowry, the elutriator is a glass tube, say, 25 mm. 
in diameter, tapering below into a capi tube, 
2 mm. in diameter. Water is introduced from below 
under different heads to flow over at the top, where a 
pressure gauge is inserted; different appliances for 
collecting different grades may be added, and various 
tapping devices which facilitate both the washing 
and the settling of the sediment have been patented. 

The principles upon which grading by sedimentation 
and elutriation is based is Stoke’s law of the rate of 
fall of solids in liquids. That law presumes that the 
particles are spherical. Ball mills are supposed to 
yield such particles ; in the case of glass and of materials 
of pronounced cleavage spherical particles are‘not likely 
to be produced. Further, the velocity at which the 
particle is moving should be so small that the resistance 
is all due to viscosity of the medium and not at all to the 
inertia of the part of the liquid, pushed on by the 
particle. A thin plate may flo:t where a round grain 
would sink. Hence experiments like those of Dr. 
Lowry and Mr. L. P. McHatton, interesting in them- 
selves, can only lead to empirical formule. Experi- 
menting with particles of barytes (density 4°48) and of 
quartz (density 2°65) at velocities of flow ranging from 
4 mm. up to 7 mm. per second, Dr. Lowry found that 
better grading was obtained with wide tubes (27 mm.) 
than with narrow tubes. Rise of temperature de- 
creases hoth the viscosity and the density of the water, 
and the critical diameter d of the particles raised 
consequently diminished as the temperature for the 
water rose from 9 deg. to 40 deg. C., the temperature 
coefficient being 0°4 per cent. per degree. Dr. Lowry 
expressed the relation between the critical diameter d 





land the velocity of flow v by the formula log d = 2°67 


+ kv, where k was a constant depending upon d and 
the temperature. That formula is of little use; it will 
be noticed that a logarithm is equated to a velocity. 

Professor G. H. Boswell discussed “ The Separation 
of the Finer Constituents of Sedimentary Rocks ” with 
special regard to the graphical representation of the 
results. The geologist distinguishes gravels of more 
than 2 mm. diameter, sand grade (down to 0°1 mm.) 
silt grade (0°05 mm.) and clay or mud (0°01 mm.). 
These figures are of interest to the engineer who is 
preparing filter beds or drilling oil-bearing sands. 
A great deal of work has been done quite recently, 
notably by Professor Sven Odén, in Sweden, on the 
rate of sedimentation and agglomeration of particles, 
questions which puzzle also the colour chemist. Odén 
devised an ingenious apparatus for such work. He 
places the suspension to be studied in a glass cylinder, 
in which hangs a flat disc, attached to one beam of a 
balance; the disc is slightly less in diameter than the 
cylinder so that it can move freely. The particles 
settling on the disc make it sink ; an electric relay then 
operates and drops one steel pellet into the other pan, 
so that the disc is raised again until it has taken another 
unit load, and the working of the relay is electrically 
recorded. 

Other properties of powders were dwelt upon by 
Dr. A. M. Williams in a paper on “The Effect ot the 
Medium on the Apparent Radius of a Particle,” 
and other and novel applications of elutriation 
processes were mentioned during the discussion. It 
would hardly occur to chemists, for instance, that the 
percentage of husk in cocoa and chocolate can be esti- 
mated by means of elutriation; but Mr. R. Whymper 
stated that the Government chemists, working for the 
excise department, had found this the only suitable 
method. That suggests the possible use of elutriation 
in textile testing. Under ordinary conditions tap water 
can be used for such purposes; when the water is too 
hard, distilled water has to be supplied. Very little 
has so far been written on sedimentation and grading; 
attention may hence be drawn to this discussion, as 
well as last year’s discussion on Soil, which dealt with 
some similar problems and which was also arranged 
by the Faraday Society. 





NOTES ON DATL.MARNOCK POWER 
STATION.* 


By R. B. MrroHett. 


As a detailed description of the plant at Dalmarnock 
has already been published, it is advisable in this short 
address to deal only with some special features of the 
station and with some of the results which have been 
obtained from its working. This will be illustrated by 
extracts from the working figures for the whole station, 
test results of individual parts of the plant and by notes 
on the equipment which has been provided for the over- 
sight of the most important quantities. 

Boiler Plant.—It is recognised that the boiler house 
provides the greatest scope for the working of economies, 
and so far as the original lay-out of the station permits 
everything ible has been done at Dalmarnock to 
help to attain high efficiency. . The following figures will 
indicate the results which are being obtained at present. 
These figures are abstracted from the working logs of 
No. 1 boiler house ; no attempt has been made to select 
a specially favourable example, 


Data and Heat Balance of No. 1 Boiler House (4 to 7 units 


in Operation). 
Average boiler pressure ... 274 lb. sq. in. gauge: 
» Total steam tem. 700 deg. F. - 
» Temp. feed water, econ. 
inlet... os --» 141 deg. F. 
Average temp. feed water, econ. 

outlet... ose i --» 274 deg. F. 
Average temp. flue gases, econ. 

inlet oe one ei --» 630 deg. F. 
Average temp. flue gases, econ. 

outlet... ose ned --» 400 deg. F. 
Average percentage CO, ... 10 per cent. 
Calorific value of coal 10,800 B.Th.U. 
Air temperature ... ons «+ 70 deg. F. 
Draught over fires (inches H2O)... 0-3 in. 

»» at damper ws -- 1*5in. 
» atfan(ind.) ,, 2-S5in. | 
Total coal consumed pe 953,580 Ib. 
425-7 tons. 
Ashes out “a oe +» 45-33 tons. 

» . percent of fuel consumed 10-65 per cent. 
Total water evaporated ... -.» 6,264,960 Ib. 
Condensate... dea ee 6,024,000 Ib. 
Make up water... bee --» 240,960 Ib. 
Make up water, per cent. of total 3-85 per cent. 


Pounds of water evaporated per 
pound of coal ... ae 
Power consumption of auxiliaries 
as percentage of fuel consumed 


6-5 Ib. (actual). 


1-68 per cent. 


From the information on the above table the heat balance 
is obtained as given in the next table :— 





* Paper read at the Glasgow Summer Meeting of the 
Institution of Electrical Engineers, May 30, 1922. 








B.T.U. Per B.T.U. Per 
cent. cent. 
To calorific value To heat transfer 
of coal -. 10,800) in boiler -. 6,253 56-94 
| Do. Superheater 1,014 9-23 
To power con- | Do. Economiser 864 7-86 
sumption of ! — 
boiler house $100 Do. combined 
auxiliaries .. ! plant .. - 8,131 74-03 
(Btu. equiv. ! To loss in flue 
per Ib.) - 181 J gas... -- 1,644 14-98 
Do. radiation .. 549 5-00 
Do. ashes, moist- 
ure, and un- 
accounted for 657 5-99 
Total 10,981 100 Total 10,981 100-00 


It is evident from an inspection of these figures that 
the chief source of loss is in the heat escaping in the flue 
gases. Provided that space is available and that a 
sufficiently large heat transfer apparatus can be built 
for a moderate capital outlay there seems to be nothing 
to prevent the use of these hot flue gases to pre-heat the 
furnace air supply, and the gain will be represented in a 
more efficient heat balance and in a saving of coal per 
kilowatt-hour. 

The lay-out of Nos. 1 and 2 boiler houses does not, 
unfortunately, lend itself to the installation of an 
apparatus of the foregoing description. In Nos. 3 and 4 
boiler houses which have yet to be built, its possibilities 
will not be lost sight of. The installation of automatic 
coal weighing machines has made it possible to obtain 
accurate figures of the coal consumed during each shift, 
without any delay. It is then a simple matter to balance 
this figure against the station output for the same shift. 

By plotting the results on a chart a “‘ Willans”’ line is 
obtained which is recognised as a standard to which the 
station engineers must aspire. At Darmarnock these 
results are plotted daily, and the records have been of 
great benefit. This method of record keeping would 
not have been possible had it not been for the weighing 
machines weighing the fuel as it is burned. In many 
modern stations it has not been thought necessary to 
install these machines, but without them or some equiva- 
lent, no quick or accurate method of obtaining efficiency 
figures over short periods is available. Under modern 
boiler house conditions where the closest supervision of 
the burning of fuel is imperative, the author is of the 
opinion that money expended on these appliances is well 
spent. The guaranteed combined efficiency of boiler, 
superheater and economiser, is 80 per cent. It will be 
noticed from the foregoing table that the boiler house 
efficiently attained under normal working conditions is 
about 74 per cent. It is expected that under better 
circumstances this figure will be considerably improved. 

Auxiliary Services.—The method or methods adopted 
for driving the auxiliary plant and of using the heat 
energy rejected is next in importance, if not equal, to the 
economics of the boiler house. At Dalmarnock this 
problem has been tackled in various ways; in fact, it 
may seem that too many complications have been intro- 
duced. These auxiliary arrangements have been very 
severely criticised in an American magazine, but the 
diversity of auxiliary plant gives experience and data 
which could hardly be determined other than by trial. 

All the rotary auxiliaries are electrically driven from :— 

1. (a) Two house turbo-generators each of 500 kw. 
capacity exhausting into open-type heaters through 
which the condensate is pumped ; (5) two house trans- 
formers taking power direct from the 20.000-volt bus bars ; 
(c) Nos. 3, 4 and 5 sets have auxiliary low tension 
windings on the stop-up transformers. 

2. Nos. 2, 3, 4 and 5 turbines have steam led at low 
— to heaters through which the condensate may 

ed. Nos. 2 and 3 have surface heaters integral 
with the turbine, and Nos. 4 and 5 external open type 
heaters. 

3. The steam ejectors on Nos. 1 and 5 turbines exhaust 
into open type heaters, and the steam-driven boiler 
feed pumps exhaust direct into the hot well tanks. 
Electrically driven boiler feed pumps are also installed. 

It is too early yet to state definitely which system or 
combination of systems, is the most economical to use, 
but it will be agreed that the operating engineers have 
ample means at their disposal, for investigating the 
relative merits of the different combinations. It is 
certain that the integral heaters introduced in Nos. 2 
and 3 sets add in a marked degree to the overall efficiency 
of the units, and there is much to be said also for the 

ar use of the house turbines. 

he ideal to be aimed at, however, is to have sufficient 
flexibility in the use of exhaust steam to be able at any 
time to use just the exact quantity required and no more. 
In the past, where steam-driven auxiliaries have been 
used without alternative, the amount of exhaust steam 
produced has been far in excess of requirements. This, 
of course, depends on the size of unit installed and the 
comparatively low ratio of auxiliary power to main unit 
power is one of the advantages of large units over small 
ones. It has been said by a critic, and it will be 
that “‘ valuable lessons may be learned from the results 
t) ed in the operation of the Dalmarnock station, 
particularly in the matter of heat balance control and 
the auxiliary drive. The very complexity of the design 

kes for exceptional flexibility in operation and affords 
a rare opportunity to test out the different combinations 
under actual cones conditions.” : 

I need not add that the fact that they have this oppor- 
tunity is realised by the station staff, and that it wi be 
fully taken advantage of. 

All auxiliary motors are of the mduction type, and 
their reliability has been extremely satisfactory. The 
economic aspect is by no means so clear, and investigations 
are being carried out to see whether too great a price 
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is not being paid for the obvious advantage of simplicity 
of A.C. motors. 

Testing and Control.—Every effort has been made to 
measure as accurately as possible all important quantities, 
and for this purpose each circuit in the station has been 
treated separately. The quantity of coal going to the 
furnaces is measured accurately _by automatic weighing 
machines, as already stated, and is, in addition, indicated 
approximately on each furnace. The total quantity 
of air for combustion is indicated, and the temperature 
of the outgoing air is measured accurately, so that these 
— give the chimney losses at any instant. The 

egree of combustion is measured by indicating CO2 
meters, one of which is placed on each furnace. The 
pressure of air at various points in the furnace circuit 
is measured by draught gauges. 

For the steam circuit, the usual ag gee of pressure 
and temperature indicators for the live and exhaust 
steam, together with steam flow meters, provides an 
indication of the boiler output, which is almost as reliable 
and accurate as the electrical equipment for the output 
of the generators. This equipment provides the staff 
with means for practically continuous oversight of the 
boiler performance. 

The performance of the turbo-alternator sets is also 
under continuous observation, the steam consumption 
being measured by a Lea recorder in ’ condensate 
circuit, while the output of the machi ed by 
accurate watt-hour meters. It is Leeseatings to note that 
no difficulty has been experienced in getting consistent 
results well within 0-1 per cent. on the electrical end, 
although, of course, the question of the absolute accuracy 
of the results is much more doubtful. For accurate tests 
on the turbines, two steel test tanks, each of 28,000 Ib. 
capacity have been installed permanently close to the 
turbine room, so that very accurate measurement of 
the steam consumption of any set can be made when 
required. 

The whole testing equipment has proved extremely 
convenient in practice. The general idea underlying 
the arrangement of all testing equipment has been to take 
the pressure, flow, and resistance, as in an ordinary 
electrical circuit. To illustrate the performance of the 
various units in the station, tabulated tests are given. 
These include boiler, turbine, and auxiliary plant tests. 

It is interesting to note how the various instruments 
have gradually gained the confidence of the operators. 
The steam flow meter, which was looked on in the early 
stages as a toy, is now considered to be absolutely essen- 
tial, and the temperature measurements are now quite 
as reliable and accurate as the pressure measurements. 
Visitors should be able to check roughly the performance 
of any of the important parts of the plant while passing 
through. 

Operation Results.—Owing to the prevailing depression 
and to the lock-out in the engineering trades which has 
been in force recently, the station output during the past 
few months has been much below what was expected. 
Dalmarnock has been carrying the whole load of the 
system and operating at a load factor of about 34 per cent. 
On an output for the last month for which figures are 
available the generating costs were as follows :— 





DaLMARNOCK Power STATION. 
Generation Costs. 
Comparison costs for the month of April, 1922 


























Pence per unit delivered. 
Average | Preceding April. 
for year. month. 
Operation— 
Coal +1825 +1707 +1752 
Coal handling -0063 -0065 -0060 
Ash handling -0080 -0084 -0082 
Water . ae -0009 -0008 -0009 
Oil and stores ive oc +0037 -0044 -0040 
Shift wages and salaries . . -0172 -0169 -0202 
Maintenance and eee 
Buildings, wages .. d -0045 -0046 -0057 
- material -0008 -0007 -0007 
Engine room, wages +0070 -0070 -0082 
material -0040 -0054 -0061 
Boiler room, wages -0113 -0114 -0132 
material -0044 -0043 -0056 
Oncost charges > -0078 -0080 -0095 
Totals. *2584 +2491 +2635 
Totals (less coal) -0759 -0784 -0883 
Units— 
Generated 10,764,200 
Delivered 10,233,203 
Coal consumed— 
Tons .. » 056 
i. per u/d. 1-98 
B.Th.U. per u/d. 20,679 
Ashes removed— 
Tons .. ee 1,210 
Percentage to coal .. 13-36 
Make-up water— 
Gallons peru/d.  .. 0-046 
No. of men employed— 
Shift, salaries ee 20 
» Wages... 58 
e Time, main and repairs ée 131 
Maximum load at station 42,200 
Load factor on station— 
= Units delivered .. 33-68 


Max.load x hours 


The cost of coal per ton in that month was taken at 
16s. 6d. This figure is gradually becoming lower, and 
under better conditions of output and | factor it is 
certain that the total cost of figures will be very much 
improved. 


Giascow CorPorATION ELeorricrry DEPARTMENT. 
Daily Running Statistics for Week Ending Wednesday, May 10. 









































ON 


Shift. (Thousands) 


Lbs. Coal 


Cc 





(7400) - Kilo-Watt Hours per Shift. (Thousands) 


In logging the station performance an attempt has been 
made to get results tabulated so that comparisons can 
be made readily with other plants, and at the same time 
give figures which the operating engineer can readily 
remember. In the boiler house the usual figure of 
pounds water per pound of coal has been improved 
upon in accordance with modern practice, and this is 
now given as equivalent evaporation per 10,000 B.Th.U’s. 
‘lhe coal being sampled from the hoppers and tested every 
day this figure becomes strictly comparable from day to 
day. A summary sheet of the daily log is also compiled, 
the sheet being drawn out for seven days. ‘lhis tabular 
sheet (reproduced above) gives the daily performance 
com Rvs with a standard which represents the average 
results under good running conditions. ‘lhe summary 
sheet is not for the compilation of costs; it is provided 
so that the operating staff may note any serious depar- 
tures from the standard and take steps to rectify them. 

As the all-important figure is pounds of coal per unit 
the scheme suggested by Mr. R. H. Parsons some time 
ago, in the Electrical Review, as referred to earlier in the 
paper, has been adopted.* The total coal consumed 
and units generated, are plotted out per shift for each 
month. ‘lhe same is done for water. ‘lhen each month 
a base line is drawn on squared paper, which represents 
the coal per unit or water per unit, less the station*losses, 
that is to say, if the coal line for the previous month is 
C = 16,600 plus 1-714 K, then the base line is at 16,000, 
and the performance of each shift is plotted against this 
line. If any shift shows a great departure from the base, 
an inspection of the summary sheet should help to find 
the cause of disparity. Fig. 1 shows a diagram from 
Dalmarnock station. The electrical side of the station is 
quite as interesting as the mechanical side, but time does 
not permit of it even being touched on in this paper. 

Tests.—A testing engineer is employed whose sole 
duty is to investigate problems on the economical running 
of the station. fie has complete testing equipment for 
determining the calorific value of the fuel, the quality 
of the feed water and for analysing flue gases. 


Borer Test aT DALMARNOCK. 
(Test on Single Unit.) 
Normal Working Conditions. 
Rate of steaming 55,000 Ib. /hour. 








Per cent. 
Heat transfer in boiler ove 59-4 
Heat transfer in superheater ... 10-6 
Heat transfer in economiser 9-75 
Heat transfer in combined aes 79-75 
Losses in flue gas oon 15-0 
-| Losses by radiation . oe 4-0 
Combustible i in ash unaccounted for 1-25 
100 -00 
Av. kw. induced draught fan motor ... 85-5 


Duration of test—4 hours on induced draught. 





* [We may perhaps point out that the method referred 
to was described first in our own columns on November 14, 
pn when we published an article by Mr. Parsons 

detailed results of the application of his method 





ap Canadian power station of which he was then 
in control.—Eb. E.) 





Stand-| Thursday. Friday. Saturday. Monday. Tuesday. Wednesday. 
ards. } 
Back press —” Hg. .. -+| 0-9" 1-23/+33 1-36)+ 0-46) 1-23)+ 0-82] 1-51/4+ 0-61 1-4 }+ 0°5 1-3f}+ 0-49 
Theo.-Act. Vacuum —” H.S8. | 0-55" 0-42/—13 0-63) + 0-08) 0-57|+ 0-02) 0-78\+ 0-23 0-65)+ 0-1 0-61) + 0-06 
W_ 11-7 
Tr is 1-04 1-18) — 1-20, — 1-34 — 1-31 _ 1-56 -— | * _ 
Engine room steam efficiency | } 
3410 x 100 
ee % | *25|)— 1- *28)— 1- 21-95)— 2-05) 21-33)/— 2-6 . *7 | 22-26)— 1-74 
(ich) x Ibs. per unit 24% | 22-25 1-75, 22-28) 1 "7 . 1-3 7 22-3 1 
Steck temperature °F. ../400°F.395 |—5 (878 |-—22 (382 |-18 |392 |—8 (30 |—5 (389 —11 
% COe --|10-6%) 12-7 |+ 2-1 | 11-6 |+ 1-0 | 11-1 [+ 0-5 | 12-5 |4+ 1: 11-8 |+ 1:2 | 18-3 |4+ 2-7 
Boiler Kennedy factor— | | 
Water evap. } 
Mh he se . ° =%0- ° ° *34|/—13- 76-82)—13-29 78- oie 79-27|~10- 
50,000 x hrs. 90-11 79-24)—10-87 76-26)+13-85 76-3 13°77, 76-8: 13-29 78-48)—11 ha 79°27|—10-84 
Boiler house efficiency -|77-77 | 80-45)-4 2-68 76-39|— 1-38 76-98|— 0-70 73-26/— 4-51) 74-8 |— 3-47) 76-70|— 0-98 
Station efficiency .. ..|17°15 | 17-9314 0-78) 16-97'— 0-18) 16-95'— 16-06'— 1-09 17-49'+ 0-34) 17-15 
Calorific value of coal as fined . = 10,114 10,656 10,587 10,257 10,814 10, 515 ' 
W = Ibs. Water per Unit. Gen. Tr = Temp. rise Circ. Water. H = Total Heat in Steam. h = Hotwell Temp. 


Test results obtained on a turbo-alternator set corrected 
to standard conditions for the station. 


Steam _ 250 Ib. Pe. a inch ; temperature, 
650 deg. ; vacuum 29-1 — 
Load in kilowatts. Lb. steam per kilowatt-hour. 
11,250 10-68 
15,000 10-53 
18,750 10-48 


These figures were obtained without special prepara- 
tions on the part of the turbine makers. The various 
measurements were made as accurately as possible 
both on the steam and on the electrical side. 

Test results under ordinary working conditions, showing 
the effect of running the set (a) from its own auxiliary 
turbo-alternator, and (b) from the works sub-station 
supply :— 

No. TURBINE. 
Averages over One Hour’s Run. 
House Turbine Supplying Main Unit Auxiliaries. 
Steam pressure 274 Ib. sq. in. G. 


Steam temperature 725 deg. F. 
Superheat ... 319 deg. F. 
Steam pressure after Ist exp. 74 Ib. sq. in. G. 
Barometer ae 29-6" Hg. 
Vacuum 28-6” He. 
Theoretical vacuum , 28-673” Hg. 
Vacuum referred to Baro. 30” He. 29-00" He. 
Condensate temperature .. 77 deg. F. 
Heater discharge temperature 130 deg. F. 

Cir. water temperature, inlet 53 deg. F. 

Cir. water temperature, outlet 65 deg. F. 
Temp. rise of cir. water ... 12 deg. F. 
Circulating water ... 26.100 gall. /min. 
Total water per Lea recorder 180.000 Ib./hr. 
Kw.-hours generated ~ 16,990. 

Lb. steam per kw.-hour 10-65. 


House Turbine. 


Steam pressure, Ist gov. valve 219 th./sq. in G. 
Steam pressure, 2nd gov. valve 25 Ib./sq. in G. 


Steam temperature ° 710 deg. F. 
Steam pressure at exhaust 16 Ib. /sq. in. abs. 
Steam to house turbine 10,350 Ib. /hr. 


x — 
Average load 


Heat Balance. 
Input ° . 14,127,750 B.Th.U. /hr. 
Heat in exhaust 12,420,000 B.Th.U. /hr. 


Heat regained i in feed heater ane 

Loss in heater 

Heat cost in auxiliary energy 
per kw. /hour .. 

Total heat cost of auxiliary 
energy 4,560,000 B.Th.U. 

Heat Balance—Multijectors and Feed Heater in Service— 

Electrical Auxiliaries — — Py Unit Energy. 


9,540,000 B.Th.U./hr. 
2,880,000 B.Th.U. /hr. 


13,100 B.Th.U. fkw. /hr. 


Main unit kilowatts 

Steam consumption 

Heat cost of main unit energy 

Power for electrical auxiliaries 

Expenditure in B.Th.U.’s for 
electrical auxiliaries .. 

pone  aanie tne of multi- 


iL a0 "ib. /kw. hr. 
14,972 B.Th.U. /kw.hr. 
210 kw. 


3,134,670 B.Th.U. /hr. 


jectors 5,904 Ib. /hr. 
Equal to 8,017,632 B.Th.U. /hr. 
Temperature rise of condensate 42 de eg. F. 
42 B.Th.U./Ib. 


Total heat regained in heater 4 =‘ 000 B.Th.U./hr. 

(Ejector exhaust and entrained gases 

.". Heat consumption of ejectors 163, 632 B.Th.U. /hr. 

Total expenditure in B.Th.U.’s for 
all auxiliaries --» 8,298,302 B.Th.U. /hr. 


It must be clearly snitecadl that these latter tests 
were in the nature of preliminary rehearsals: only one 
or two observers were employed. Careful official tests 
will be made in the near future. 





Export FREIGHT RATES ON FReENcH RAttways.—U 
to June 30 next the principal French railways will 
pouty iron and steel goods for export at freights 40 per 

low the normal. This is a tem measure, 
but. ‘after the date the reduction will be 26. 25 per cent, 





on the present charges 
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A SMALL ROLLER EXTENSOMETER. 
By Professor E. H. Lams. 

Tue instrument here described and illustrated was 
designed originally for some special work on refractory 
materials; but as it was found on trial to give a 
performance considerably exceeding what had been 
anticipated, and being of small size, simple and con- 
venient for either tension or compression experiments 
upon small specimens, it is thought likely to be of 
more general interest. 

The contrivance is essentially a pair of small exten- 
someter elements which are held by a moderate spring 
pressure against opposite sides of the specimen under 
test, each element consisting of a pair of hardened steel 
parallel plates separated by two small rollers, the latter 
being lightly clamped by spring pressure between the 
plates. Each of these plates has a sharp knife edge 
which bears on the face of the test piece, the distance 
between the knife edges of one element being exactly 
1 in. when the upper ends of the plates (which are 
ground true and square with the faces) are flush with 
each other. This detail of the design makes it possible 
to fix the instrument on the test piece without the 
necessity of marking the gauge length upon it. The 
upper roller of one element and the lower roller of the 
other have their axes prolonged in both directions, each 
carrying a plane mirror at one end and a small knurled 
head at the other for making the final adjustment. 
The general arrangement of the complete extensometer 
is shown in the photograph (Fig. 1) where it is attached 
to a small cylindrical test piece about 1 in. in diameter 
and 2 in. overall length. 

In operation the mirrors are set approximately 
parallel and facing each other, and the intersection of 
the cross wire of a telescope with the image of a scale 
placed at some distance from the instrument—after 
reflection by both mirrors (see Fig. 2)—is observed. 
A small deformation of the test piece clearly causes 
both mirrors to rotate slightly in opposite directions, 
the consequent angular deflection of the line of sight 
between the scale and the extensometer being about 
four times the angle of rotation of each roller. The 
arrangement of the mirrors has the advantage that the 
scale readings are unaffected by small rotations of the 
test piece and instrument together as a whole, and since 
the two elements automatically average the strains 
at opposite sides of the test piece any small inequalities 
due to non-axial loading are eliminated. 

The following sketch of the theory of the instrument 
with the aid of the diagram of Fig. 2 will show the 
principles employed and the method of operation. A 
and B are the two rollers—one on either side of the test 
piece—each carrying a mirror, A M and B N are nor- 
mals to the reflecting surfaces, T is a telescope and S 
the scale at a distance D from the mirror B. Let 
AB =a, let ? and ¢ be the incidence and reflection 
— at the mirrors, and let x be the reading of the 
scale. 

Then for small opposite rotations 54 and 5 ¢ of the 
mirrors, the increment of the scale reading is, 

2a50 


62=2D(50 +59) +— . cos @ = 2D(50+5¢) 
cos p 


+ 2a50 (1) 
Again if e1 and eg are the deformations given to each 


extensometer element, d, and dz the corresponding 
roller diameters, we have the relations 


g=d50 ea=adhig 
and the axial deformation is 
€ = $(¢1 + €2) = 4 (d, 5 0+ dp do) (3) 
Now any effect of non-axial loading of the specimen 
under test will be to make a small proportional differ- 


ence in the values of e: and @, and we shall therefore 
write 





(2) 


2 = (1+ k) ey = (1 + k)d, 5 0 (4) 


and if there is a small difference in the roller diameters 
we can (writing d in place of d,) put 


dz =(1 +A)d (5) 
Hence from (2), (4) and (5) 
(l+A\)8¢@=(1 +k) 50 (6) 
From (1) and (6) therefore, we obtain :— 
8e2=fep.2t+#t> 20150. (7 
\ 1+X J 
and from (3), (5) and (6), 
e= $d(2+kh)50 (8) 
Combining (7) and (8), 
a(i+ *) 8s 
e“eprtkh+r 494 ©) 
1+ 


which, omitting squares and products of small quan- 
tities, such as \, &, 3 . reduces to 





LAMB’S SMALL ROLLER. EXTENSOMETER. 




















[= 


(7319.8.) 





a (10) 
4 (D+$) 
In this result it is to be noted that d(1 + >) is the 


mean of the diameters of the two mirror rollers. 

As an illustration of the method of calibration and 
setting up the apparatus, suppose it is desired to find 
the value of Young’s modulus for a piece of mild steel 
to an accuracy of say 0°5 per cent. using a maximum 
stress of 10 tons per square inch. The approximate 
deformation will be e = z at in., and if we use a 
millimetre scale we should require a reading of about 
10 cms. In the author’s instrument, illustrated in 
Fig. 1 the mean of the diameters of the mirror rollers 
was abtained from measurements made with the 
micrometer head of a Newall measuring machine and 
gave 





d ( + *) = 00789 in. 


Hence, using the formula (10) above we get 


D + © = 266 oms. 

For most work it will be convenient to arrange the 
scale distance so that 1 mm. or 2 mm. on the scale 
represents a deformation of exactly ¥,° in.; which 
make respectively 

D+ 197°2 cms. 


6 


rola 


and 
D+ 


to, & 


= 394°4 cms. 


In future models it is proposed to make the roller 
diameters about 0°065 in., in which case the scale 
distances are 


For 1 mm. to represent 1,5 in. ... D + 


wk 


= 162-5 cms. 


For 2 mm. to represent ,,5 in. ... D + = 325-0 cms. 


tole 


Some care is of course necessary in mounting the 
instrument on the test piece to ensure that the rollers 
of each extensometer element are approximately 
parallel and correctly spaced, and also to properly 
adjust the distance between the knife edges of each 
element ; but these adjustments and the final setting 








of the mirror angles can—with a little practice—be 
made without any difficulty. 

As in the case of the author’s torsion strain meter the 
arrangements for the commercial production of the 
instrument have been placed in the hands of Mr. A. 
Macklow-Smith, of 15 and 16, Queen Anne’s-chambers, 
Westminster, S.W.1. 





THE “DRAPER” COAL WASHER. 


THE separation of shale and dirt from coal by washing 
the latter with water so greatly enhances the value 
of the fuel that washing has become a standard process 
with many collieries. Coal-washing plants vary in 
details, but in general they are large and cumbersome 
and are liable to give trouble from mechanical defects. 
The “ Draper ” coal washer, constructed by the Rhondda 
Engineering and Mining Company, Limited, of Bridg- 
end, Glamorganshire, South Wales, utilises the same 
fundamental principle as other washers, namely the 
floating away of the lighter coal from the comparatively 
heavy shale, but it carries it out in so simple and 
effective a manner that it is worth the attention of all 
those who are interested in the cleaning of coal. The 
appearance of a Draper washer with a capacity of 
10 tons of coal per hour is illustrated on the oppo- 
site page, Fig. 2 showing diagrammatically the 
arrangement of the parts. The plant shown in Fig. | 
occupies a floor space of only 63 in. by 24 in., the height 
being 8 ft. 9 in. The body of each washer unit consists 
of a cast-iron tube about 11 in. in diameter. Near the 
top of this is a branch, through which water is admitted 
to the annular space surrounding an inner tube, about 
6 in. diameter, which projects downwards into the 
body. The water escapes by passing upwards through 
the inner tube and away by a shoot. Raw coal fed 
continuously into the apparatus at the top meets the 
upward flowing water in the inner tube. The speed 
of the water flow is so regulated that pure coal is 
washed back and away with the escaping water, while 
the heavier shale and stone pass on down through the 
water, and are discharged through a slowly-rotating 
four-winged butterfly valve at the bottom of the 
tube. 

Transversely across the body of the washer is a 
circular sampling valve. This contains a pocket which 
is normally upside down and therefore empty. To 
obtain a sample of the refuse which is passing away to 
the discharge, the valve is rotated through 180 deg., 
which both unlocks it and brings the pocket uppermost. 
It can then be withdrawn, and the sample caught in 
the pocket can be examined. When replaced and 
locked, the pocket is automatically inverted and 
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THE “DRAPER” COAL WASHER. 


CONSTRUCTED BY THE RHONDDA ENGINEERING AND MINING COMPANY, LIMITED, ENGINEERS, 


Fie. 1. 


emptied, so that a freshly caught sample is assured at 
every examination. 

The Draper washer is claimed to produce effective 
separation of shale from coal of all sizes from the finest 
dust up to 4-in. cubes. The washing is entirely con- 
trolled by an index handle fixed on the water inlet 
valve, which tes the velocity of the washing 
water. The coal is not broken or abraded by the 
treatment, so that nut coal is not reduced in size or 
partially converted into slack by passing through the 
washer. 

The consumption of both water and power is 
stated to be only about half that required by older 
methods of washing, and the small size of the plant 
and low operating costs are also important features. 
Washers of the type described are now in use in many 
collieries, not only in Great Britain, but in Spain, 
China and France. Besides cleaning coal of all wash- 
able sizes, the apparatus is in use for separating unburnt 
fuel from boiler ashes, for washing coke, and breeze, 
and for recovering fuel from the slurry of other 
washeries. 








SOCIETY OF GLASS TECHNOLOGY. 

A MEETING of the Society of Glass Technology was 
held in the Chemistry Lecture Theatre, University 
College, Gower-street, London, W.C. 1, on Wednesday, 
May 17, 1922, at 3 p.m., the president, Professor W. E. 8. 
Turner, D.Sc., in the chair. 

The first paper presented was entitled ‘ Columnar 
Structure in Sandstone Blocks.” In the absence of the 
author, Mr. John Currie, M.A., this paper was read by 
Mr. 8S. English, M.Sc. In the course of his paper the 
author said that an interesting example of superinduced 
prismatic structure had recently been observed in sand- 
stone blocks used in the construction of a glass tank 
furnace, The formation was identical in every respect 
with that which takes place in Nature, particularly 
in the case of columnar basalt, and was, in fact, a re- 
production of contact metamorphism on a small scale. 

he tank in question was used for the manufacture of 
green bottle g The melting compartment measured 











WASHER WITH A Capacity or Ten Tons PER Hovor. 


19 ft. by 15} ft., and was separated from the rounded 
working end by a fixed bridge. The deadweight capacity 
of the tank was approximately 84 tons, when filled to 
a depth of 3 ft. he construction of the tank was on 
the ordinary lines, the bottom being of fireclay binders 
built into a series of six arches. Sandstone blocks 
formed the lowest course of the sides, and those were 
surmounted by two courses of fireclay blocks. The 
fireclay blocks were of the same dimensions, so that the 
depth of metal in the fuel tank was 36 in. On Novem- 
ber 18, 1921, the tank sprang a leak in the bottom some- 
what towards the pen 4 side, and about 9 ft. from the 
back wall. The metal drained rapidly through this leak 
into the cave below, the level in the tank falling from 
27 in. to 9 in. in the course of 6 hours. The gas was 
kept on all this time and a full heat of 1,300 deg. C. 
maintained so as to preserve the fluidity of the metal and 
allow of its removal both by ladling and by draini 

through the bottom. However, when the metal leve 
had reached 9 in., part of the crown collapsed directly 
above the leak in the bottom, and, to avoid setting fire 
to the roof of the building, the gas had perforce to be cut 

ff 


off, 

The metal falling through the tank bottom into the 
cave beneath assumed a stalactitic formation which 
rapidly solidified and prevented further flow of the metal. 
But as each successive column was broken away the flow 
was renewed with the result that the level of metal 
in the tank was lowered from 27 in. to 9 in. in a period 
of 6 hours. 

After the tank had been dismantled it was observed 
that the sandstones readily disintegrated into long 
prismatic columns, many of which were straight, but 
most of them showed a decided curvature which 
helped to explain the method of their formation. These 
prisms were roughly pentagonal in section, and varied in 
thickness from 4 in. to 14 in. The faces of the prisms 
were not equally developed, and moreover some of the 
columns were trigonal, others tetragonal in form. 
Similar formations were found in Nature, and when this 
structure was fully developed, as in the well-known 
rocks of Fingal’s Cave and Giant’s Causeway, the 
columns tended to assume hexagonal forms. Again, 
many of the columns were incomplete, and ta off 
to a point in pyramidal fashion. Also they were inter- 
sected at more or less regular intervals by transverse 
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or cross-joints, so that on disintegration the sandston 
tended to break up into short columns 56 in. or 6 in. long, 
some of which were regularly prismatic, others tapering 
off to a point coincident with the plane of a cross- 
joint. 

This prismatic structure was always developed at 
right angles to the planes of cooling. In the space of 
a few hours the sandstones which normally were at a 
temperature not exceeding 800 deg. C., were raised to a 
temperature of 1,300 deg. C. Expansion took place 
rapidly, and then the heat was suddenly cut off. The 
crown of the tank being open, cooling was rapid, and the 
sandstones underwent sudden contraction, resulting in 
complete rupture at right angles to the inclined surface 
of the corroded stones, representing the plane of cooling. 
Hence the reason for the curved and inclined nature of 
the columns obtained. The whole of the evidence went 
to prove that the formation started at the point of 
contact with the glass, and that in this instance, as had 
already been claimed for similar formations in Nature, 
columnar jointing was distinctly related to the planes of 
cooling. 

Dr. J. W. French has obtained specimens of a similar 
formation by the rapid cooling of a pot of optical glass. 
In this instance the sudden contraction caused the rup- 
ture to commence near the centre at the surface of the 
glass, the prismatic formation of the glass extending 
rom that point radially towards the bottom of the pot 
and continued in the clay forming the pot itself. The 
two cases, although essentially of a different nature, 
were very similar as to the primary cause and final 
results, and formed an interesting comparison. 

Mr. F. W. Adams, M.Sc., followed with a paper entitled 
** Some Practical Notes on the Manufacture of White 
Glass in a Tank Furnace.” Mr. Adams, who illus- 
trated his remarks by lantern slides and specimens of 
glassware, said that the use of white flint glass for food 
containers had become more general in this country 
during recent years. The natural tint of the contents 
showed to better advantage when in colourless glass and 
also since people generally, especially with food, liked 
to see what they were buying, preference was frequently 
given to the article put up in white glass on account of 
its more attractive appearance. For this purpose white 
ay was gradually replacing pale green. Owing to the 
act that white flint glass was more costly to make than 
pale green, since purer and therefore more expensive 
materials were uired, it had become necessary to 
reduce the cost of production in order to meet com- 

tition. Efforts were a made to bring this about 

y the use of automatic machinery. In the states, glass 
factories had been equipped with entirely automatic 
machinery for the manufacture of a great variety of 

lassware, and so organised to give a large output at a 

igh efficiency. This was ible because in many cases 
the whole plant was organised for the production of one 
particular article of glassware and consequently tanks, 
machines and lehrs could all be brought to the highest 
pitch of efficiency. 

Until the demand for white flint glass had become more 
general in this country it would not be possible for 
existing factories employing automatic machinery to 
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attain the necessary efficiency to enable them to reduce 
cost of production sufficiently to compete with certain 
types of glassware which were at present made of pale 
green glass. 

At present a number of tanks were at work in this 
country producing white flint glass, and it was hoped 
that these notes would interest those who had control 
of them. 

‘Lhe following observations were made on a tank of 
110 tons capacity with a nominal output of 25 tons per 
day. In dealing with practical problems in glass manu- 
facture it was truly deplorable, that with such an old 
industry, it was only quite recently that any really reliable 
information on the subject had been published. lt was 
therefore not surprising that pale green glass manu- 
facturers had hesitated to embark on the production 
of white flint glass by the use of decolourisers while there 
was so little information of real practical worth available, 
most of the so-called recipes being quite inaccurate and 
often misleading. 

‘Lhe following suggestions, however, outlined the 
methods to be adopted to give consistent|y good results : 
Complete analyses of all batch materials used, especially 
of the selenium decolouriser ; the total iron content in 
the finished glass must be kept constant and therefore 
components of the metal should be checked regularly 
by complete analyses; careful weighing and efficient 
mixing of the batch ingredients was essential ; filling on 
should be regular ; melting temperatures should be kept 
constant by the use of pyrometers; lehr temperatures 
should be correct for a given type of glass and kept 
constant by the use of some form of temperature recorder. 
It was advisable to have at least two pyrometer stations 
in the lehr, one at the front and one at the end of the 
heated space so that the proper temperature gradient could 
be maintained. Articles ditiering greatly in weight should 
not be put together in the same lehr. When the correct 
amount of decolouriser to be added had been ascertained 
for a given amount of iron in the batch with due regard 
to furnace conditions and the remainder of the batch 
ingredients, then the conditions necessary for good results 
should be stabilised as far as possible. In the scope 
of this paper it was not possible to deal with details 
regarding the use of decolourisers other than selenium. 
Selenium, however, offered many advantages over other 
decolourising media, and would undoubtedly become as 
generally used in this country for making white flint 
glass as in the United States, when the proper conditions 
governing its successful application were more fully 
understood by British glass manufacturers. 

‘Lhis paper elicited a lively discussion to which there 
contributed the president, Dr. W. Rosenhain, Messrs. 
W. B. Clarke, E. A. Coad-Pryor, J. H. Davidson, R. L. 
Frink, Ed. Meigh, G. Simpson and Donald ‘i urner. 
Mr. Adams replied. After the meeting an opportunity 
for social intercourse was provided when members had 
tea together in the Refectory of University College. 

During the forenoon, by the courtesy of the directors, 
@ party of members visited the Whitefriars Glass Works 
of Messrs. J. Powell and Sons (Whitefriars), Limited, 
London. 

‘Lhe next meeting of the society will be held in the 
Applied Science Department, ‘i he University, Sheffield, 
on Wednesday, June 21, 1922, at 2.30 p.m. 





“OIL FUEL BURNING.” 
To THe Eprror oF ENGINEERING. 

Sim,—With regard to the letter in your issue of the 
12th inst., from Messrs. James Howden and Co., I am 
~~ to find that they are in agreement with the views 

expressed in letters of mine which you published in 
your issues of March 24 and May 5, but there is a point 
where I seem to have been misunderstood. I do not 
condemn any type of boiler, but only recommend that 
attention should be paid especially to the design of any 
type if they are to be oil fired. 

10 give an example, I might mention that a Scotch 
boiler which is 13 ft. diameter by 1v ft. 6 in. long, is a 
size which is listed as a standard stock pattern. ‘i his 
boiler hus three plain furnaces which are 3 ft. diameter, 
and it may be, and doubtless is, a handy pattern for 
coal firing as consideration must be given to facilities 
for cleaning fires without unduly lowering the output 
of the boiler. If a small tug was in process of buil 
probably (almost certainly) the shipbuilder would select 
this stock pattern boiler aithough the boiler was to be 
solely fi with oil fuel, and therefore the same size of 
boiler, but having only two furnaces of say 3 ft. 9 in. 
diameter would prove the better one for oil firing even 
though the heating surface might be slightly less on the 
assumption that no change is made in the size and pitch 
of the tubes. 

Adequately and properly designed combustion space 
is more vi than heating surface within limits, and if 
we take another instance, say, a Lancashire boiler for 
factory use the engineer has choive of different sizes 
of boilers so far as diameter and length is concerned, 
but having the same heating surface, and therefore 
before selecting the boiler (if it is to be oil fired) the first 
duty is to see that the furnaces are of a suitable diameter 
and arrange for the heating surface afterwards. 

With regard to Messrs. Howden’s reference to the 
combustion space of a Scotch boiler they have overlooked 
the fact that the gross cubic capacity cannot be cited, but 
only the effective cubic; this is a very vital matter, 
and water tube boilers lend themselves readily to attaining 
high perforinances of such a magnitude that one would 
hardly hope for from a Scotch boiler without damage 
to the latter. 

1 have no desire to do more than remind engineers 
that when considering the use of oil fuel for new jobs, 
the first duty is to = strict attention to Boiler design, 
remembering that the stock pattern boiler is sometimes 
quite all right, but in a vast number of cases, especially 





in boilers of small dimensions, they are simply a com- 
promise, and where new building is to be undertaken 
the design should be seen to at the start. 

Reverting to the subject of boiler data, and catalogues 
of boilers, it is remarkable that there are still with us 
boiler makers who refer to their boilers in terms of 
nominal horse-power, and as the standard of a nominal 
horse-power varies with different firms it will be seen 
therefore that it would be better to give the evaporation 

rformance of a boiler in pounds of water per hour 
rom and at 212 deg. F., and give some index of the 
draught pressure agreeing with the performance, other- 
wise there is a g deal of average adjusting to be got 
through. 

Many catalogues give the outside dimensions of 
boilers, but nothing whatever is said about the heating 
surface or the dimensions of the furnaces, or the evapora- 
tion performance of the boiler, and as every form of 
boiler has its own factor of efficiency, it means that if 
one is not very familiar with the average performance 
of the very numerous types considerable difficulty is 
put in the way of quickly dealing with inquiries. 

Judging from my forty years’ experience with engineer- 
ing letters I am forced to conclude that there is ample 
room for improvement in the general office department 
of very many works, and that more attention should be 
given to letters which are sent out with inquiries relating 
to engineering matters in order that the receiver may 
know the exact facts and requirements, and to do this the 
letter, should be surveyed by an engineer to see that it 
was an engineer’s letter affording the essential data, 
and thus reduce letter-writing to a minimum with a 
corresponding reduction in expense and time. 

Yours faithfully, 
J. J. Kermopg, M.I.Mech.E. 

35, The Temple, Dale-street, Liverpool, 

May 25, 1922. 








MANGANESE STEEL RAILS: THE ROME 
CONGRESS. 
To THE Eprror oF ENGINEERING. 

Sim,—We have been very much interested in reading 
in your issue of 19th inst., the reports of the proceedings 
at the International Railway Congress at Rome, and 
more especially in that section devoted to special steels. 
No doubt this report is very condensed, but it almost 
seems that there was no one present at the congress who 
was in a position to give an account of the position 
reached at the present time in the use of rolled manganese 
steel rails in point and crossing work. At any rate, this 
is indicated by the conclusions arrived at by the section 
in which it is stated that “‘ with regard to manganese 
steel, it was felt that further experiments were advisable 
in order to determine the best conditions for its use.” 

We have, since dg ww days, been constructing com- 
plete lay-outs built from manganese steel rails, and 
their economy has long since been established. Most 
of the American and French experience of man- 
ganese steel for railway points and crossings has been 
with manganese steel castings, which is a very different 
proposition from buildi up the same things from 
rolled manganese steel rails. It is to the credit of some 
of the British railways that they have gone ahead with the 
use of the built-up type o anese steel track work, 


f mang 
and we | should not be allowed to hide their light under 
a bushel. 


Yours faithfully, 
Epcar ALLEN AND Co., LimITED, 
R. G. Woopwarp, Director. 
Imperial Steel Works, Sheffield, 
May 24, 1922. 





“REMEDY FOR SHRINKAGE IN WORLD’S 
OVERSEA TRADE.” 
To tae Eprror oF ENGINEERING. 

Sre,—Mr. Smellie asks me, in his letter which appeared 
on the 19th inst., how I would propose to adjust inter- 
national balances if gold and silver are no longer avail- 
able for this purpose ? ‘l his is an example of the success 
of the financial powers in creating a popular idea which 
enables them to profit by making legal tender a ve 
scarce commodity—and, of course, under their control. 
May I remind Mr. Smellie that gold, or silver for that 
watter, is as little obtainable for international debts now 
as for national debts. ‘lhey are paid for by interest- 
bearing securities, mortgages, Government and other 
public bonds, title deeds to land, mines and factories, 
stock of limited companies, &c., and whatever quantities 
of gold, or silver, pass in the transactions are used to pay 
interest due to creditors. ‘I hese creditors, generally, are 

uite content that these bonds should go on and receive 
the interest. Indeed, one of the test disasters that 
could befall the creditor class would be the payment of 
outstanding debts in their entirety! Up tothe inni 
of the war, Great Britain was the chief creditor country 
of the world; but that position is now held by the 
United States, and she is now administering the same 
treatment to us as we did to our debtors by insisting 
upon the re-establishment of the gold standard in order 


that her financiers might profit by their iarly power- 
ful position so eo, Be the gold stan exists. (In 
passing, it may not be out of place to mention that their 


influence is so great upon the policy of this coun 
to-day that the latest member of seo Bl is a = 
of Mr. Pierpont Morgan, and he entered by the safest 
seat in the ee 

In reply to f points raised I should propose to 
adjust international balances by the same methods as 
those proposed for the adjustment of national balances, and 
would advocate the institution of paper currency issued 
scientifically (not haphazardly as many people imagine), 
on the principles outlined by Mr. C. H. Douglas, M.I.M.E., 
in his two works ‘* Economic Democracy” and “‘ Credit 





Power and Democracy.” In my opinion, such a paper 
currency would be vastly superior to gold or silver 
currency as it would possess value only as a title to goods 
and services and no commodity value. It would not be 
susceptible to artificial restriction, or otherwise, and 
could be made to conform more reasonably with the 
potentialities of modern industry. ; 

In conclusion I should like to suggest that until manu- 
facturers and trade unionists realise. that they are in 
precisely the same boat there will be no hope for a healthy 
development of the work of technical men. Both have 
their activities crippled by the financier. The present 
struggle between the engineering employers and the men 
is one based upon the assumption that the control of 
administration by one side or the other, or wf both, 
will solve the troubles of the engineering world. No 
matter how the struggle ends the control of policy will 
rest in the hands of the anonymous gentlemen who are 
looking on—the financiers. ‘ihe question of inter- 
national relationships is oe a difficult one— 
so it is under any circumstances; but I do suggest to 
Mr. Smellie that just in so far as the national position 
is strengthened so will the nation’s position internationally 
be strengthened. 

Yours, &c., 
JAMES ADAMSON. 

25, Lesbury-road, Newcastle-on-Tyne, 

May 26, 1922. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Indian Railway Contracts.—1 he deputation of Sheffield 
manufacturers which waited on Lord Peel, Under- 
Secretary of State for India, received little satisfaction 
in regard to Indian railway contracts. Pre-war the 
lion’s share of this work came to Sheffield. Manufacturers 
locally are now seriously perturbed at the intention 
“oe by the Legislative Council of India to cease 
a long-standing preference and buy in the cheapest 
market. ‘lhe Redon interview brought no promise 
of any change of this intention, but it is regarded as 
having served a useful purpose in —— ing sheffield’s 
epee claim to Colonial and Dependency railway work, 
especially as the margin between foreign and local 
quotations has been greatly reduced by recent cuts in 
production costs. 

Iron and Steel.—Throughout the engineering, steel 
and tool industries the condition of order books gives 
promise of more prosperous times. Foreign and Colonial 
buyers are keeping very closely in touch with price 
developments, and delivery conditions, and a satisfactory 
feature is that an increasing proportion of inquiries is 
materialising in definite contracts. ‘lhe major difficulty 
at the moment is in regard to production. Working 

ments were never more seriously hampered 

than by the protracted engineering dispute, the paralysing 
effect of which is reflected in every department. As it 
is impossible to attempt to make reasonable headway 
with output in the absence of such a large percentage 
of skilled operatives, staffs at steel and machinery- 
roducing concerns are ing their summer holidays. 

n the iron and steel section foreign demands are on the 
upgrade. Quite a considerable volume of orders for 
industrial plant and electrical equipment could be put 
in hand if the labour situation permitted. ‘Il here is a 
distinct improv t in the export call for mining steel, 
accompanied by a less pronounced revival in home 
business. Rolling mills continue to maintain part- 
time employment. Makers of agricultural machinery 
in the Lincolnshire district are taking a heavier tonnage 
of special steels, and a certain amount of work is in 
commission for French automobile engineers, though 
the latter is stated to be unremunerative after allowing 
for works costs. Foundries and furnaces are expecting 
to benefit from more active conditions at British ship- 





ards. Experiments are pr at local ship- 
uilding concerns with a view to the oe on 
a large scale of the latest malleable stainless materials 


for marine construction. B in rustless iron 
shows little expansion. Metallurgists state that more 
is required to known about the behaviour of this 
material under test conditions before claim can definitely 
be laid to the commercial possibilities which _rustless 
iron is believed in some quarters to Business 
in tool steel and tools is distinctly patchy. ‘Lhe en- 
forced idleness in the engineering section accounts for @ 
heavy slump in tools, but on Colonial account 
inquiries for saws, files, pincers and hammers are more 
abundant. Stove grate makers find difficulty in securing 
sufficient new business to replace expiring contracts. 


South Yorkshire Coal Trade.—The continuance of 
warm weather has had a marked effect on business in 
the house coal section. Requirements have declined 
almost to slump proportions. Local collieries were 
employed full time in meeting the brisk demand for 
local and metropolitan buyers, but with stocks accumu- 
lating they now find it necessary to restrict output. 
Merchants are offering — prices below the official 
listed rates to attract bargain hunters. Business in 
industrial fuel for home consumption is mostly of & 
hand-to-mouth character, though in the heavy trades 
special deliveries are being taken to tide works over the 
holiday period. ‘Lhe demand for export is maintained 
at a high level. A further falling-off in business im 
cobbles and nuts makes an early revision of prices 
essential. ‘The movement in coke is largely confined to 

of foundry qualities. Quotations :—Best branch 
handpicked, 388. to 39s.; Barnsley best silkstone, 34s. 
to 36s.; Derbyshire best brights, 32s. 6d. to 34s. ; 
Derbyshire best house, 26s. to 28s.; Derbyshire best 
large nuts, 248. to 26s.; Derbyshire best small nuts, 
16s. to 188.; Yorkshire hards, 23s. to 24s.; Derbyshire 
hards, 21s. to 23s8.; rough slacks, 10s. to 12s.; nutty 
slacks, 7s. 6d. to 88. 6d.; smalls, 2s. to 4s. 6d. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The Cleveland pig-iron 
situation shows very little change. There is rather 
marked shortage of No. 1, and siliceous qualities, but 
supply of other grades is quite equal to the now very 
limited requirements. As yet, however, nearly the 
whole of the output of the five blast furnaces turni 
out Cleveland sorts is being taken up; America is sti 
in the market to buy Cleveland irons low in phosphorus 
and sulphur, as well as ferro-manganese, and spiegel 
sorts. Continental d d is quiet, and home require- 
ments have shrunk to small proportions. Business with 
Scotland is now hardly heard of. What few sales are 
made for delivery beyond the Tweed are on the basis 
of 96s. 8d. f.o.t. Grangemouth. All other home and 
export business is put through on the usual terms of 
f.o.t. makers’ works, or f.o.b. Tees, and quotations 
remain :—No. 1, and siliceous iron 95s.; No. 3 G.M.B., 
90s.; No. 4 foundry, 87s. 6d.; No. 4 forge, 858.; and 
mottled and white, 80s. 


Hematite.—The blowing out of the furnace at which 
the explosion occurred recently at the works of Messrs. 
Gjers, Mills and Co., Limited, and the suspension of 
operations of another at the Seaton Carew Ironworks, 
further curtails production, and reduces the number of 
hematite blastfurnaces blowing to 11. Production, 
however, continues sufficient for needs. Home con- 
sumers are taking little, and Continental inquiries are 
hardly so good as they have been. Germany continues 
to be the best customer. There are sellers of Nos. 1, 2, 
and 3 east coast brands at 964. for home purposes, and 
no difficulty is experienced in placing export orders for 
mixed Nos. at 95s. 





Foreign Ore.—Foreign ore continues very slow of sale, 
but recent imports have been on an exceedingly hea 
scale, the May unloadings on Tees-side totalling well 
over 200,000 tons, so that sellers appear to be, at length, 
overtaking arrears of deliveries to some extent. "Best 
rubio is put at 27s. c.i.f. Tees, but it is understood that 
orders can be placed at less. Round about 23s. 6d. 
c.i.f. Tees is named for good Mediterranean ores. 


Coke.—Blastfurnace coke shows a tendency to ease, 
but is hardly quotably lowered. For early supplies, 
local consumers have still to pay up to 27s. 6d. for 
Durham average qualities delivered. 


Manufactured Iron and Steel.—Little new is ascertain- 
able concerning finished iron and steel. i are 
still few and small, but there is slightly better inquiry 
for rails, and it is some little cause for gratification to 
learn that one or two firms are not quite so keen as they 
have been to cut prices to secure export orders. Contracts 
for abroad, however, can still be made at substantially 
below the following rates which rule for home trade :— 
Common iron bars, 12/.; iron rivets, 14/.; steel billets 
(soft), 71. 10s.; steel billets (medium), 8. 58.; steel 
billets (hard), 8/. 15s.; steel boiler-plates, 14/. 10s. ; 
steel ship, bridge and tank plates, 10/. 10s. ; steel angles, 
101. ; steel joists, 10/. 10s.; heavy steel rails, 9/. 10s. ; 
fish plates, 14/. 10s.; black sheets, 12/.; and galvanised 
corrugated sheets (24-in. gauge, in bundles), 15/. 15s. 





NOTES FROM THE NORTH. 
Griascow, Wednesday. 

Scottish Steel Trade.—The end of the present labour 
troubles has not yet been reached, although most in 
this district expected that ere now the end would have 
been in sight and preparations for an early resumption of 
work would be the coher of theday. With the conditions 
unchanged buyers continue to keep out of the market, 
with the result that there is very little doing at any 
of the steel works in Scotland. If the ballot of the 
47 unions should be favourable there is a possibility 
of an improvement in business, as many contracts 
have been held up pending a settlement. In the ship- 
yards there has been a fair amount of activity during 
the latter part of the month, but unfortunately it has 
been more of a finishing nature, and the consumption of 
plates, &c., has not been heavy owing to the scarcity of 
new contracts for a considerable time back. Black 
sheet makers are still very quiet, and the demand is 
somewhat poor. There is a little export business going 
through, but it is mainly confined to lighter gauges. 
Foreign trade in general is exceedingly slow. Prices 
show practically no ch and are as follow :—Boiler 
plates, 14/. per ton; ship plates, 10/. 10s. per ton; 
sections, 10/. per ton ; sheets, 11/. 15s. per ton. 


_ Malleable Iron Trade.—T he West of Scotland malleable 
iron trade has not altered over the week, and movement 
at the works is still irregular. There is very little 
business passing for bars on home account owing to the 
general depression throughout the country, but makers 
are occasionally picking up odd lots for export. These 
are being taken mainly in order to keep plant running, 
but the prices are said to be far from satisfactory. The 
home quotation for “‘ crown” bars is still called 111. per 
ton at Glasgow stations. 


Scottish Pig-Iron Trade.—T he Scottish pig-iron makers 
are finding it increasingly difficult to di pose of their 
a output of iron, and stocks are again increasing. 

ocal consumers are not taking in anything beyond 
their actual eats, and these are meantime very 
small; and although quite a fair inquiry prevails for 
abroad, buyers are very slow to come to terms. The 
current quotations are a shade firmer, and are as under :— 
Scottish hematite iron, 51. 5s. per ton, delivered at the 
steel works ; foundry iron, No. 1, 4/. 188. 6d. per ton, 
and No. 3, 4/. 13s. 6d. per ton, both f.o.t. at makers’ works. 


Shipbuilding.—From the undernoted figures it will be 
seen that the shipbuilding returns for the past month 
show a decided improvement, and are up to the average 
for the year to date, although less than half the January 


output. The details are :— 
Vessels. Tons. 
The Clyde ss 34 26,500 
The Forth = i 
The Tay ois ood woo — 
The Dee and Moray Firth]... 1 5 
15 26,505 


The above figures really represent the tonnage launched 
since work was resumed at the yards about a fortnight 
ago, and while fairly satisfactory in one sense it is un- 
fortunate that there are few or no orders on hand to 
take the po of the vessels now launched. Quite a 
number of shipowners are prepared to place new con- 
tracts, but prices must be easier before they can afford 
to re-enter the market. When the present labour 
troubles are surmounted and the workmen are p' 

to give a fair day’s return for a fair remuneration, we 
may expect some revival in trade, but until that day 
arrives, the —— unsatisfactory state will continue. 
lhe output from the Clyde yards for this year is now 
46 vessels totalling 132,587 tons, as compared with 
102 vessels of 195,429 tons for the same period of last 
year, and 75 vessels of 244,697 tons for 1920, and 105 
vessels of 293,997 tons for the record year 1913. It is 
interesting to note that not since the year 1908 has the 
five months total output been lower than this year; 
on that occasion it was 121 vessels of 114,826 tons. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—The Great Western Railway Com- 
pany, which now controls all the South Wales Docks, 
except Swansea, but for which negotiations for amalga- 
mation are proceeding, has made another reduction in 
charges, with a view to stimulating trade. The new 
concessions, which operate from to-morrow, are however 
not considered sufficient to bri about a revival. 
Tonnage dues on vessels are redu from 125 per cent. 
above the pre-war rates to an increase of 100 per cent., 
while the charge for tipping and weighing coal is reduced 
from 11d. to 10d. per ton, but the rate for bunkers only 
remains at 10d. per ton. The charge for tipping and 
weighing is still 344 per cent. above the pre-war rate, 
and the charge for bunkers only 150 per cent. higher. 
The pre-war, present and new charges are illustrated 
below :— 
Pre-War Present 
‘ Rates. Rates. Rates. 
Tonnage 


dues on PerTon. Per Ton. Per Ton. 
vessels : e. d. s. d. 8. 

First class 0 14 O 8 0 3 

to to to 

0 3 0 6 0 6 

Second class 0 56 0 11 0 10 

Third class 07 1 4 1 2 

Fourth class - © 9 1 8 1 6 
Bunkers to foreign 

ports ove oe O @ 0 10 0 10 
Tipping and weigh- 

ing oo 2: Olt 0 10 


The coal market has undergone an appreciable change 
during the past week. The foreign demand has slackened 
appreciably in consequence of the hold-off policy almost 
any adopted by buyers, and prices, too, have 

eveloped pronounced weakness. ‘he position has 
changed so much that the E tive C ittee of the 
Coalowners’ Association have decided to call a special 
meeting of the association to consider the matter. At 
the same time the miners are complaining of underselling 
on the part of colliery owners and the low level of vn 
The men say that higher prices should be obtained, but 
the owners contend that an increase in values would 
diminish the volume of trade and result in irregularity in 
worki in the coalfield. At any rate, it has been 
decided that the men should take t days’ holiday for 
Whitsun, instead of the usual two days, as it is yee 
that the consequent loss in output will diminish surplus 
stocks and put collieries in a stronger position. Mean- 
while best Admiralty large coal is now obtainable direct 
from colliery salesmen at 27s. 6d., and best steam smalls 
at 18s. 6d., or ls. per ton less than a week ago, with other 
grades at proportionate levels. Up to the present 
nothing has come of the American inquiry for Welsh coal, 
but the Russians are in the market for 25,000 tons of 
best Admiralty large and 20,000 tons of best Monmouth- 
shire large, delivery over June. 








THE tate Mr. ALEXANDER Simpson, Girascow.— 
Many will learn with regret of the os at the advanced 
age of 90 years of Mr. Alexander Simpson, of Carbieston, 
Ayr, who took a prominent part in railway construction 
in Scotland. Mr. Simpson was a director of the North 
British Railway Company. Forty years ago he was the 
engineer of a railway in Domingo, an enterprise of a 
number of Glasgow merchants. He was also engineer of 
the North British U und Railway from College 
Station to Finnieston, which involved some very heav 
works owing to the sand in the subsoil through whic 
the tunnelling was constructed. He was also responsible 
for the extension of the West Highland line from Fort 
William to Mallaig. In his professional capacity he was 
identified with many leadi industrial firms. He 
founded the firm of Simpson and Wilson, civil engineers, 
Glasgow, which is now conducted under the name of 
Simpson and Rankin. It was he who planned the 
Glasgow Subway undertaking, which is about to come 
under municipal control. Mr. Simpson, is survived by 








two sons and two daughters. 





NOTICES OF MEETINGS. 


Tue InstirutTion oF ELEcTRICAL ENGINEERS : WIRE- 
Less SEoTION MEETING.—Wednesday, June 7, at 6 p.m., 
“The Performance of a Radio-Tel hic Transmitter, 
with Special Reference to the New Installation at North 
Foreland,” by Mr. N. Lea, B.Se. (Assoc. Member) ; 
“A Dynamic Model of Tuned Electrical Circuits,” by 
Professor C. F. Jenkin, C.B.E., M.A. (Member). 


Tue Royat Instrrution or Great Briratn.—Friday, 
June 9, at 9 p.m., a discourse will be delivered by Mr. 
Joseph Barcroft, C.B.E., F.R.S. The subject is 
“Physiological Effects at High Altitudes in Peru.” 
Afternoon Lectures at 3 p.m.: Tuesday, June 6, 
Sir Percy Sykes, K.C.I.E., cB. C.M.G., on “ (II) The 
Foundation of the Persian Empire; Thursday, June 8, 
The Very Rev. William Ralph Inge, D.D., on “*'Theo- 
mg (III) The State Invisible” ; Saturday, June 10, 
Sir ugh Allen, M.A., Mus.Doc., on “ Early Keyboard 
Music”? (Lecture III). (Musical Illustrations by Mr. 
Harold Samuel.) 


Tue Roya Socrery or Arts.—Friday, June 9, at 
4.30 p.m., paper on “Tanganyika Territory (formerly 
German East Africa),’’ by Major Sir Humphrey Logger. 
D.S.0., R.E. The Right Hon. Sir Frederick D. 
Lugard, G.C.M.G., C.B., D.S.O., will preside. 








Prrsonat.—Sir William Noble, who has just retired 
from the position of Engineer-in-Chief to the Post Office, 
has accepted a seat on the Board of the General Electric 
Company, Limited. We understand that Sir William 
Noble proposes to devote his attention mainly to the 
development of the telephone and wireless sections of this 
im, t manufacturing concern. His formor assistant 
at the Post Office, Major T. F. Purves, succeeds him as 

i -in-Chief.—Mr. A. A. Campbell Swinton, F.R.5., 
M.Inst.C.E., M.I.E.E., has joined the Board of W. T. 
Henley’s Telegraph Works Company, Limited. 





River Tyne Swine Brivee.—We are informed that 
the repairs to the structural part of this bridge which the 
River Tyne Commissioners have decidéd to take in hand 
immediately, are to be carried out by the Engine Works 
Department of Sir W. G. Armstrong, Whitworth and Co., 
Limited. It is now forty-seven years since Messrs. 
Armstrong designed and built this bridge at Elswick, 
and we believe these are the first considerable repairs 
that have had to be faced. It is interesting to note that 
the foreman in charge of the repairs, Mr. Wm. Davison, 
was employed in 1875 on the construction of the bridge 
at Elswick Engine Works, under Mr. P. D. Westmacott 
and Mr. Hamilton Rendel. It was on June 15, 1876, 
that the Bridge was first opened to traffic. 


InsTITUTE oF TRANSPORT.—The following appoint- 
ments in respect of the year 1922-23 have been made by 
the council:—Honorary President: The Right Hon. 
Lord Ashfield of Southwell. President: Sir Sam Fay. 
Past Presidents: The Right Hon Sir Eric Geddes, 
G.C.B., G.B.E.; Sir Henry P. Maybury, K.C.M.G., 
C.B. Vice-presidents : Sir J. G. Brood ; Sir Lynden 
Macassey, K.B.E., K.C.; Sir Henry W. Thornton, 
K.B.E.; Mr. H. H. Gordon, J.P.; Mr, E. 8. Shrapnell- 
Smith, C.B.E.; Mr. Arthur Watson, C.B.E. Honorary 
Treasurer: Sir Philip Nash, K.C.M.G., C.B. Honorar 
Solicitor: Sir William Joynson-Hicks, Bart., M.P. 
Honorary Secretary : At the express wish of the council, 
Mr. H. &. Blain, C.B.E., has consented to retain the 
office of Honorary Secretary for another year. 





Tue Bririse Evsorric Prant Company, LimiTep.— 
On Saturday, May 20, the works of this company at 
Alloa, Scotland, were thrown open to the oe gyre of 
the members of the Institute of Scottish Mining 
Electrical Engineers. In order to render the visit more 
instructive a paper was read by the works manager, 
Mr. Arthur 8. Murdoch, describing the manner in which 
the factory had been s-_ for mass production 
and selective assembly, th of motors and pumps. 
The special machine tools, the system of issuing material 
from the stores, and the meth of testing all attracted 
the attention of the visitors, and much interest was 
shown in a vertical pumping set going through the erecting 
shop. This comguined a centrifugal pump with a 
capacity of 1,000 gallons per minute at 800 ft. head, 
driven by a 450 b.h.p. 3,000-volt motor at 1,450 r.p.m. 
The company are equipped with testing a 
which has actually been used for testing pumps delivering 
9,000 gallons per minute. 





Tae Instrrvurion or Minino Enorinerrs.—The 
seventy-seventh general meeting of the Institution of 
Mining Engineers will be held at Sheffield, by invitation 
of the President and Council of the Midland Institute 
ee Civil and Mechanical Engi s, on Tuesday, 
Ww y and Thursday, June 20, 21 and 22, 1922, at 
the Cutiers’ Hall, by kind permission of the Master Cutler. 
The following is an outline +9 <-y of the arrange- 
ments which are being made, but which are not yet 
definitely fixed: Tu y, June 20, the following a 
will be submitted for discussion: (1) ‘“‘ The Air-Cooling 





Plant at the Morro Velho Mine, Brazil,” by Mr. Eric 
Davies, B.Sc. ; (2) “ Stainless Steels,” b: r. W. H. 
Hatfield ; (3) ‘‘ Methods of Working the Barnsley Seam 


of the South Yorkshire Coalfield,” by Mr. H. Rhodes 
and Mr. M. Rhodes; (4) “‘ Rock Temperatures in the 
Coal Measures,” by Mr. J. Ivan Graham, M.A., M.Sc. ; 
(5) “The Rate of Absorption of Poisonous Amounts of 
Carbon Monoxide by the Blood,” by Mr. A, P. Veale. 
Visits have been arranged to various works and collieries, 
and the social functions include a dinner on June 20 
and a reception and dance on the following days. Ladies 
are cordially invited to both. 
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THE FIRST STEP. 

Every year sees several thousands of young men 
set free from the places of academic instruction, 
and launched upon a world in which it is necessary 
for them to earn a living. Some go directly to 
places awaiting them in works or offices in accord- 
ance with plans already laid down for their career. 
Such youths are possibly, though not necessarily, 
fortunate, but with these at the moment we are not 
concerned. Neither need we consider the few 
who show evidence of exceptional capacity. The 
strength of character and natural ability which they 
possess are intrinsic qualities which raise them 
altogether out of the class of average youths. They 
will get on under any conditions. It is the ordinary 
youth, neither very clever nor very stupid, neither 
very good nor very bad, who is typical of the 
thousands of annual recruits to the engineering 
industry. Of these a very large number have to 
depend mainly upon their own exertions to get the 
start in life that they desire. Without an influential 
father, or perhaps without a father at all, and 
impelled by the res angusta domi to secure some 
sort of livelihood in the profession he has chosen, 
a young man is often brought to realise in a very 
practical way the difficulties of making his first 
start. His applications for employment are either 
unanswered or are briefly acknowledged with the 
stereotyped assurance that the firm will keep his 
letter before them. Such interviews as he succeeds 
in obtaining terminate in the equally standard 
promise that his name will be borne in mind, and 
that he will be communicated with should any 
suitable vacancy occur. Time shows him the 
illusion of hopes based on such phrases, and as the 
weeks pass by his money shrinks, his enthusiasm 
fades, his self-confidence vanishes and his heart 
becomes sick with hope deferred. 

At a time like the present when trade is stagnant 
the difficulties of a youth in obtaining a start are 





particularly great. There was therefore a consider- 





able appropriateness in the choice of the subject of 
‘“* Engineering Appointments and How to Obtain 
Them” for discussion at an informal meeting of 
the Junior Institution of Engineers last Friday 
evening. The great majority of the members of 
this Institution have a close personal interest in the 
question of getting appointments, and their organisa- 
tion is helpful to them in this respect both directly 
and indirectly. It undoubtedly performed a useful 
service to the younger members on the occasion 
referred to, by bringing to their notice some of the 
reasons why certain applicants are so uniformly 
unsuccessful. As may be imagined, the meeting 
discovered no formula for compelling employers to 
avail themselves of the budding talent offered to 
them. Nevertheless it afforded an opportunity for 
some of those members who had had occasion to 
select candidates for appointments to explain to 
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fruitless, and to tell them some home truths which 
might well be taken notice of by applicants generally. 

Only those whose duty it has been to deal with 
applications for employment can fully realise how 
many candidates wreck any chances they may have 
had by the sheer ineptitude and carelessness of 
their letters. When any ordinary vacancy is 
advertised; a couple of hundred replies may be 
received, and the task of the advertiser is not so 
much that of selecting one candidate as of finding 
reasons for rejecting one hundred and ninety-nine. 
By the time he has thrown aside all the illegible 
letters, the misspelt letters, the undated letters, and 


6 | the ill-constructed discursive letters, often covering 


several pages, which do not read consecutively ; 
the letters which do not give the age of the applicant 
or which fail to state where and how he acquired 
the experience which he claims ; those which do not 
say when he could take up his duties, if appointed ; 
those which say the candidate would like to have 
more particulars of the job before he can state the 
salary he would ask, and all the other letters which 
for various reasons are unattractive or hopeless, the 
remainder, destined for serious consideration will 
usually be very fewin number. It may be said that 
the elimination of applications in the manner 
indicated is somewhat crude and even unjust to 
deserving candidates, but elimination has to be 
effected somehow, and on the whole the basic 
principle is sound. A man who scribbles or mis- 
spells in a letter of application is likely to be equally 
illegible and perfunctory in actual work. Those 
who do not trouble to put a date on their letters 
are rejected, not so much because they have omitted 
a date as because they are the sort of people who do 
omit dates on records. Again, a man who cannot 
state his own qualifications clearly, fully and con- 
cisely, shows himself deficient in the art of clear 
thinking and the orderly marshalling of facts in his 
mind. We need not pursue the subject, nor need 
we inquire how far these faults are due to a defective 
education and how far to a mental incompetence. 
The fact remains that those who exhibit them are 
bound, and rightly so, to be continually passed over 
in favour of better men. 

When matters get as far as an interview, it is much 
more frequently either a want of manners or a lack 
of candour than any other deficiency which destroys 
a candidate’s chances. Nervousness is understood 
and allowed for by the interviewer, but vulgarity 
in speech or behaviour or any attempt to disguise 
the truth with regard to any question are usually 
sufficient to condemn the applicant, even though 
the interviewer may himself be not above reproach 
in such respects. Very little in the way of useful 
knowledge is expected of a youthful applicant, 
whatever questions he may be asked. The qualities 
most sought after are willingness and capacity to 
work hard and get on, and any academic qualifica- 
tion a lad may have obtained are more valuable 
as an indication of these characteristics than as 
certifying the possession of such knowledge as is 
likely to be useful to his employers. Leacock, 
in one of his humorous books, describes a University 
degree as a certificate that the holder is so full of 
education that he is incapable of learning anything 
more for ever. It would be disastrous if this 
were even approximately true, but beneath the jest 
there is a subtle warning to those who feel a grievance 
because their education is not appreciated by 
employers so highly as they think it should be. 
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but one who can translate his knowledge into 
successful construction. There is all the difference 
in the world between knowing how a thing should 
be done, and being able to do it. It is the latter 
qualification which counts, and no young engineer 
who acquires it even in a limited field, and who 
has been endowed by nature with the necessary 
character to deal with men and things, need doubt 
for a moment of a reasonably successful career. 








AIRCRAFT ENGINE PROBLEMS. 

Tue effect which the development of the light 
internal-combustion engine has had on the industrial 
and social life of the civilised nations of the world 
has already been fully demonstrated by its applica- 
tion to road transport, and something has been seen 
during the last few years of its possibilities in con- 
nection with aerial locomotion. No very great 
powers of imagination are required to foresee that 
future developments of the latter form of transport 
may affect national life to an even greater extent 
than mechanical road traction has done, and, if this is 
admitted, the importance of finding the best possible 
solutions to the many problems which aerial loco- 
motion involves is obvious. Most of the problems 
presented relate to means for rendering aerial 
locomotion safer, more reliable and cheaper, and 
since these features are all very largely dependent 
upon engine performance it follows that improve- 
ments in this respect are likely to give rise to far- 
reaching effects. 

Largely owing to the combined efforts of many 
British engineers and scientists, the internal- 
combustion engine has already been brought to a 
high degree of efficiency, and in the type used for 
aeroplanes Great Britain established a pre-eminent 
position during the war. Professor W. E. Dalby, 
F.R.S., in a lecture delivered at the Royal Institu- 
tion on the 26th ult., referred to this fact, and 
particularly emphasised the need for continuous 
research in order to prevent our present position 
from being successfully challenged. In discussing 
some of the problems which are now engaging the 
attention of scientific workers, the lecturer first 
considered combustion from the point of view of the 
kinetic theory of gases. After describing the pro- 
duction of heat in the cylinder by chemical com- 
bination the author considered the time taken to 
effect the change, remarking that in this connection 
the engineer was faced with two problems: in one 
the combustion was too rapid and became a detona- 
tion, and in the other it was too slow for high-speed 
working, and was therefore incomplete. 

Experiments which were likely to throw an 
important light on these problems, the lecturer 
continued, were initiated by Sir Dugald Clerk, 
and were now proceeding at the National Physical 
Laboratory under the general supervision of the 
Aeronautical Research Committee of the Air 
Ministry. In these experiments, the results of 
which would be published shortly, various com- 
bustible mixtures were exploded in a bomb and the 
time taken for chemical combination to take place 
recorded. In the case of a mixture by volume of 
one part of hydrogen, 2} parts of air, and 2 parts 
of nitrogen, initially compressed to 64 lb. per square 
inch, the time which elapsed between the passage 
of the spark and the first indication of a rise in 
pressure was about 0-004 second, and the com- 
bustion was completed in about the same interval 
of time. In another experiment, the mixture was 
diluted with one part of hydrogen and 6 parts of 
air, and in this case the combination took 0-06 
second to complete. In practice such results are, of 
course, greatly affected by turbulence and eddies 
caused by the rapid admission of the charge through 
the valve opening, and the lecturer pointed out that 
it was owing to this effect that gas engines could be 
run at speeds greater than those corresponding to the 
measured rate of flame propagation in an efficient 
mixture. The important work of Sir Dugald Clerk 
on this point was referred to. 

Attention was then directed to problems arising 
from the running of internal-combustion engines 
at high speeds, special reference being made to 
torsional and synchronous oscillations. As an 
example of these problems the lecturer dealt with the 
case of the four-cylinder petrol engine, remarking 
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that such engines, as usually constructed, were 
perfectly balanced for primary forces and couples, 
but the errors due to unbalanced secondary forces 
were a maximum. The effect was demonstrated by 
two models, on one of which the secondary forces 
were balanced, and this model was shown to run 
steadily at speeds for which the other model caused 
the spring frame in which it was mounted to oscillate 
at twice the speed of rotation. 

After referring briefly to difficulties in obtaining 
indicator diagrams from high-speed internal-com- 
bustion engines and also in the direct measurement 
of temperature, as well as to various fuel problems, 
the author remarked that these, and other similar 
problems, required continuous and laborious re- 
search for their solution. He then went on to 
consider the provision made for such research, 
pointing out that before the war the work was 
carried on by the Research Committee on Gaseous 
Explosions appointed by the British Association 
at the Dublin meeting in 1908. The committee, 
which was still in existence, continued its labours 
until the commencement of the war period, during 
which various official organisations were established. 
At the present time, it may be remarked, the Air 
Ministry possesses a powerful organisation for 
research and an Aeronautical Research Committee 
to advise it on the scientific aspects of the work 
of developing the aircraft engine. Work of the 
highest scientific value is in progress at the National 
Physical Laboratory, at Farnborough (which is now 
organised as a research establishment for both 
laboratory and full-scale work), as well as at other 
places under the direction of the Air Ministry. 
It is of the utmost importance that this work should 
be vigorously continued, since the development of 
this particular form of prime mover is a vital 
necessity to the nation. This is fully realised by 
the Ministry and by the Research Committee, 
but we doubt if it is properly appreciated by the 
public. Much has been said, and very rightly so, 
as to the present urgent necessity for reducing 
national expenditure, but in the particular matter 
to which we have been referring, judicious expendi- 
ture is likely to prove the truest form of economy, 
and we heartily endorse the lecturer’s plea that 
research work on aircraft engines shall not be 
stultified by lack of adequate financial support. 





THE ECONOMIC SITUATION IN 
BELGIUM. 

Favourep by the possession of a thrifty and 
hard-working population, an important sea port, 
excellent transport facilities on railways, roads 
and inland waterways, and large agricultural and 
industrial resources, Belgium had secured a high 
position among the trading nations before the war, 
which reduced her factories to ruins, deprived her 
of the machinery necessary for industrial recon- 
struction and considerably reduced the numbers 
and efficiency of her industrial man-power. We 
welcome, therefore, an exhaustive report from the 
Department of Overseas Trade, on the Economic 
Situation in Belgium at the end of 1921, by R. F. H. 
Duke, C.B.E., the Commercial Secretary at His 
Majesty’s Embassy, Brussels. The principal in- 
dustries of Belgium are coal mining, metallurgy 
(including the manufacture of constructional iron 
and steel, machinery and electrical plant); glass- 
making ; cotton and flax spinning and weaving ; 
wool scouring and spinning; the manufacture of 
industrial chemicals, including coal tar products, 
bricks and cement. A large part of the prosperity 
of Belgian industry was due to the investment of 
foreign capital in her enterprises. German capital 
formed the greatest part of the foreign investments 
in Belgium, and was largely employed in the metal- 
lurgical industries, especially in zinc, engineering 
and electrical ventures, and many of these were 
almost entirely dependent on German control for 
the provision of plant and raw material. British 
financial interests were largely confined to shipping 
and Colonial enterprises. French capital found 
employment in Belgian financial institutions. 

After the war, Belgium found herself deprived 
of the assistance of German capital, her pre-war 
markets closed or become dependent on other 
sources of supply, her industrial population deci- 





mated by war or rendered inefficient by enforced 





idleness and physical deterioration and the greater 
part of her industrial plant stolen or destroyed 
during the occupation under orders of the German 
command. The recovery of her economic position 
under these conditions, never equalléd in hardships 
in the history of the world, has shown the mettle 
of her people in peace as the invasion of her land 
did in war. The difficulties of finance after the 
armistice were enormous. The population had to 
be clothed and fed until industry could be restored. 
Soldiers and others had to be provided with pensions 
or indemnities. Public services had to be recon- 
structed. The German money left in the country 
had to be withdrawn. Indemnities due from 
Germany had to be advanced and the country had 
to face the enormous debt of the financial loans of 
the Allies. The national debt had increased to 
22,650,000,000 francs at the beginning of 1920 
and to 30,000,000,000 at the end of that year. Of 
this sum, 5,000,000,000 represented pre-war debt, 
the balance being composed of debts directly conse- 
quent on the war: (a) The withdrawal of German 
marks 7,800,000,000, and (b) war damage advanced 
on behalf of Germany under the Treaty of Versailles 
10,200,000,000, and the deficit on post-war Budgets 
and exchange losses on foreign loans 7,000,000,000. 
“ The situation,” said Colonel Theunis in introducing 
the Budget, “ would still be serious even with the 
receipt of German reparations, but it would become 
terribly grave, if not hopeless, should Germany not 
pay.” A determined effort to improve the financial 
position of the country was made in 1921, although 
the three main obstacles to complete financial 
restoration have still to be overcome. They are the 
non-payment of German indemnities, the deprecia- 
tion and fluctuation of the franc and the reluctance 
of the population to bear their full burden of con- 
tribution. It is estimated that the Belgian taxation 
per head of the population is slightly less than a 
half of that of France, and less than a quarter of 
that of the United Kingdom... By a decree of 
March 15, 1921, the customs duties were con- 
siderably increased and a Bill was passed imposing 
many new types of taxes. 

The fall, and particularly the fluctuation in the 
value of the franc, has been as disastrous to British 
trade with Belgium as it has been temporarily 
advantageous to Belgian trade with the United 
Kingdom. A boom took place in 1919 when the 
United Kingdom was one of the few countries from 
which machinery and materials could be obtained 
for the reconstruction of Belgian industry and 
works. This came to an end in the summer of 
1920 when the general slump in trade coincided 
with the return of Belgian industry to a position 
of comparative independence of outside help. 
Since then the coal strike and its resultant effects 
have made it extremely difficult for British firms 
to sell their goods in Belgium, while the low prices 
of Belgian iron and steel, in comparison with those 
at home, have flooded Belgium with British orders. 

Belgium has been very fortunate in her financial 
development at home which has been considerably 
strengthened by the excellence of her banking 
institutions. The Banque Nationale has devoted 
some of its surplus funds to the creation of the 
Société Nationale de Crédit 4 Industrie with a 
nominal capital of 25,000,000 francs for the purpose 
of giving medium and long-term loans in the form 
of discounting commercial paper subject to the 
control and guarantees of the Government. Other 
banks have increased their capital and extended 
their developments, and branches have been estab- 
lished in Brussels and Antwerp by many British 
banking concerns. 

Belgian industry has suffered most through the 
reduction in the efficiency of labour. A large 
number of the labouring classes left the country 
with the army at the beginning of the war or 
succeeded in escaping from the invaded territory to 
rejoin the Belgian forces. Those who were left 
with very few exceptions consistently withheld 
their services from the enemy. The coal mines 
were the most productive of all the industries during 
the occupation, but the men who continued to work 
them were harassed, ill-paid and ill-fed to such an 
extent that their efficiency deteriorated consider- 
ably. Belgium began her reconstruction with 
population whose energy and efficiency had been 
ruined by enforced idleness and starvation oF 
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diminished by four years’ absence of practice. At 
the same time increased cost of living brought about 
demands for higher wages, while greater familiarity 
with foreign methods of labour organisation had 
introduced the spirit of Syndicalism from which 
Belgium had previously been singularly free. The 
Belgian workman, though easily impressed by new 
ideas, is equally quick to recognise their weak points, 
and his natural commonsense and thrifty spirit 
almost invariably prevail within a very short time. 
It rarely happens that any strike provoked by 
extremist movements lasts more than a few days. 
Arbitration committees consisting of masters and 
men have rendered considerable service in the 
settlement of labour questions. 

An accession of considerable strength to Belgian 
industry may be expected from the development of 
co-operation between manufacturers. These asso- 
ciations have for their purpose the re-establishment 
of production in each factory in proportion to pre- 
war importance, the joint purchase of raw material, 
to help financially towards the restoration of the 
more seriously damaged factories and to obtain 
collective facilities and reduction in tariffs on the 
railways and waterways. The future of Belgian 
industry gives no cause for alarm—except as regards 
competition in foreign markets. 

The imports during 1921 showed an increase 
in tonnage over those of 1920, in spite of the in- 
dustrial crisis, the increase in Belgian tariffs and 
the instability of the exchange. Among the four 
principal suppliers of Belgium the smallest total falls 
to Great Britain :— 




















Percentage of 1920. 
7 Increase +, Decrease —. 
Value. 
a7 Tons. 1000 frs. — — 
Tonnage. Value. 
Great Britain ..| 1,240,031 | 1,179.836 — 27 — 45 
France .. --| 2,994,304 | 1,732,796 + 12 — 24 
USA. »- -| 1,848,244 | 1,606,270 ~) 2 — 30 
Germany «| 5,583,149 | 1,383,217 + 152 + 58 








The principal articles in which British trade with 
Belgium has diminished are crude iron and steel, 
coal tar products, raw cotton, raw flax, hemp and 
jute, chemical products, cotton and woollen fabrics, 
manufactured iron and steel, machinery and railway 
and tramway cars and parts. A big effort must be 
made by British manufacturers and merchants if 
they are to maintain their position on the Belgian 
markets. The exchange situation is, of course, one 
of the greatest difficulties, but there is also the 
apparent reluctance of the British manufacturer to 
study the special needs of the Belgian buyers, and 
the pressure they have in many cases brought to 
bear on those suffering from exchange difficulties 
has contributed to divert Belgian buyers to other 
markets. An appreciation on the exchange and 
particularly its stabilisation will no doubt effect 
considerable improvements in these conditions. 

In the engineering world the period of slackness 
in 1920 and 1921 was used to complete the recon- 
struction of the works damaged by the Germans 
and to install new equipment. Great attention 
has been given to the importance of making Belgium 
independent of other countries and particularly 
Germany, in regard to electrical material. The 
Ateliers de Construction Electrique de Charleroi 
can now exploit virtually the whole field of electrical 
construction. The Société d’Electricité et de 
Méchanique Procedés Thompson Houston et Carels 
have also extended their works. Dynamos, alter- 
nators, transformers and large motors are now 
manufactured, and the mechanical construction of 
Diesel and steam engines is said to have reached 
pre-war figures. German competition is strong, 
some concerns opening businesses under the mask 
of Luxemburg firms. The difficulties caused by 
the 8-hour day in the shipbuilding industry are 
increasing the magnitude of the slump. The latest 
mechanical devices have enormously increased the 
production of glass of all types. The textile in- 
dustries are suffering from the increase of prices 
due to the 8-hour day law and the large stocks 
already available. 

Considerable advantage has been taken of the re- 
establishment of the port of Antwerp to replace 
German traffic by that of the Allies. The question 
of the development of the port of Zeebrugge has 
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been throughout this year a subject of discussion. 


A Special Commission of the Government have 
recently decided in principle that the Government 
shall take over the dredging of the port to maintain 
a depth of 30 ft. at the end of the Mole. Negotia- 
tions for the purchase of the Richborough steam 
ferries by an Anglo-Belgian company and their 
utilisation for a regular ferry service, which pro- 
ceeded throughout 1920 and 1921, now appear 
likely to reach a satisfactory conclusion, the chief 
attraction from a Belgian point of view being the 
acquisition of cheaper coal from the Kent coalfields. 
This valuable report concludes with tables showing 
Belgian exports and imports, their magnitude in the 
different commodities dealt with and their country 
of destination or origin, together with a statement 
of customs increases in 1921. The work of pre- 
paring this report has been well done and its perusal 
will be of great interest to all British manufacturers 
and merchants. 





THE DISAPPEARING GAP IN 
SPECTRUM. 

Wuen Thomas Young, 120 years ago, made his 
wave-length determinations, it was known that the 
spectrum extended beyond the visible range both 
into the ultraviolet or chemical region and into 
the infra red or thermal region. Little progress was 
made in actual determinations, however, as Professor 
O. W. Richardson, F.R.S., of King’s College, London, 
pointed out last month in two Royal Institution 
lectures, until Stokes, by 1850, carried the measure- 
ments down to A 2,000 Angstrém units with the aid 
of quartz prisms. When, in the present century, 
V. Schumann had come down to A 1,260 with the 
help of prisms and lenses of fluorspar, the limits of 
transparency to waves of short length seemed to 
have been reached in solids, and the intense absorp- 
tion of these radiations even by gases formed 
another obstacle to further advance. 

For other reasons, however, much attention had 
already been paid to Rowland’s concave grating 
spectra, in which the slit and the photographic plate 
are on the circumference of a circle, the diameter of 
which is equal to the radius of the grating, so that 
the image is always focussed on the plate. To avoid 
light absorption by the air Lyman (Harvard) 
constructed his vacuum grating-spectrometer, which 
in 1913 enabled him to deal with wave-lengths of 
A 900. 

Meanwhile, however, X-rays, far shorter than any 
ultraviolet rays known, had been successfully 
measured by the crystal method, and Bragg had 
found the longest aluminium ray to have a wave- 
length of only 8 A.U. That discovery left a gap 
between the ultraviolet and the X-rays, namely A 900 
and A 8, which it seemed almost hopeless to bridge 
for two reasons. The absorption of these rays even 
by the thinnest layer of a gas is excessive, and the 
use of the crystal method is restricted by the 
limitations of the grating. The rulings of ordinary 
gratings are far too coarse for X-rays, whilst the 
natural rulings, supplied by the planes in which 
the atoms are arranged in crystals, are too fine. 
In rock salt the distance d between two such planes 
is 2-1 A.U., in calcite it is 3 AU. But in organic 
crystals the d seem to be greater, and with the 
improved technique of recent X-ray apparatus 
Friman has measured a zinc line of 12 A.U. 

On the other hand, Lyman has come down to 
600 by improving his vacuum grating-spectro- 
scope, and Millikan, by its further perfection, has 
determined a nickel line of A 202 and, last Decem- 
ber, an aluminium line of A 136-6. Millikan uses 
very short sparks at very high potentials in the most 
perfect vacua; he has shortened the path length 
of the rays in the apparatus, and has thrown almost 
all the energy of the radiations into the first-order 
spectrum. 

Professor Richardson himself and Dr. C. B. 
Bazzoni, of the University of Pennsylvania (working 
together for some time in King’s College), have been 
developing another method. Their special appara- 
tus, made all of quartz and a little metal, consists 
of a cylindrical X-ray bulb which a short flattened 
quartz tube joins to a box. In the bulb a gas 
(helium, e.g.) is bombarded by the electrons from 
a tungsten filament; the anode sends the ionised 
radiating particles through the slot (in which they 
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are sifted of stray radiations by a condenser) on to 


the target in the box which emits electrons of 
various speeds in different directions. These 
electrons enter a small copper cylinder, only 0-5 cm. 
in radius, provided with two slits; this part is in a 
powerful magnetic field which converts the electronic 
orbits into circles, which will be the larger, the higher 
the frequency of the electrons ; the electrons finally 
reach an electrometer. The anodes and targets 
of metals—copper, molybdenum, mercury, &c. (also 
carbon, that is Chinese ink on copper)—may be 
heated to melting; hence the need of quartz. By 
these experiments Richardson and Bazzoni deter- 
mine the critical minimum potential at which gas 
radiation sets in (which, they find, does not seem 
to bear any obvious relation to the ionisation 
potentials of Franck and Hertz) as well as the 
characteristic soft X-rays and the radiations of 
highest frequency. The velocity of the electrons 
is deduced from the strength of the magnetic field 
required to give an electron a circular orbit of 
known radius, and the calculations are based upon 
the photo-chemical discharge of the electrometer 
by the electrons impinging upon it. 

The apparatus, dispensing with lenses and prisms, 
does not, Professor Richardson admitted, admit 
so far of the highest precision. But the wave- 
lengths of K, L and M radiations, which he has 
measured, help to fill up the gap and, what is 
considered more important now, they enable us to 
determine the “levels” in the atom from which 
the respective radiations emanate. The spectrum 
has meanwhile grown in both directions to such an 
extent that it can only be plotted on a logarithmic 
scale without becoming of unwieldy length, and the 
visible spectrum is then seen to occupy a very small 
portion of the whole. There are also peculiar gaps 
in individual spectra; thus aluminium has no line 
between A 144-3 and 1,200 A.U. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 

Tur meeting at the Scottish centre which the 
Institution of Electrical Engineers arranged for last 
summer, but which had to be postponed on account 
of the coal strike, is being held this vear, and was 
opened at 10 a.m. on Tuesday last, when the 
Institution was officially received by the Lord 
Provost of Glasgow at the Royal Technical College. 
The first two days of the meeting, Tuesday and 
Wednesday last, were held in Glasgow, the pro- 
gramme covering the reading of papers by Mr. R. B. 
Mitchell on the ‘ Dalmarnock Generating Station,” 
and by Professor Magnus Maclean on “‘ The Hydro- 
Electric Resources of the Scottish Highlands.” 
Visits were paid to the Dalmarnock station, and to 
the Clydesmill power station of the Clyde Valley 
Electrical Power Company, and to some of the 
Glasgow Corporation Reservoirs. On Wednesday 
afternoon a visit was paid to the Renfrew Works of 
Messrs. Babcock and Wilcox, the Institution being 
entertained by the firm to dinner, and an evening 
sail on the Firth of Clyde on the ss. Queen Alexandra. 
Yesterday the party proceeded to Fort William, 
inspecting the site of the new Lochaber water power 
scheme on the way, and to-day is visiting Kinloch- 
leven. The Lochaber and Kinlochleven visits are 
by invitation of the British Aluminium Company. 
The meeting terminates at Oban to-morrow. 

The meeting is heing attended by some 360 mem- 
bers and guests, including a large number of ladies, 
and is proving very successful. In welcoming the 
Institution to Glasgow, Dr. Thomas Paxton, the 
Lord Provost, referred to the fitness of visiting the 
city with which Lord Kelvin was so long connected 
in the jubilee year of the Institution. The growth 
in the membership of the Institution of Electrical 
Engineers was consonant with the growth in import- 
ance of the profession which it represented. The 
President, Mr. J. 8. Highfield, replying, referred 
to the disappointment which had been experienced 
last year when the visit had to be postponed, and 
to the earlier very successful meeting in Glasgow in 
1912. Everything pointed to that success being 
repeated, although Sylvanus Thompson and Duddell, 
who had addressed them then, would not do so 
again. 

“The meeting then passed to Mr. R. B. Mitchell’s 
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Station.” The paper dealt almost entirely with 
operating results, and was of very considerable 
value. It will be found re-printed on page 682 of 
this issue. Before reading it Mr. Mitchell gave a 
brief description of the station, which it is not 
necessary that we should attempt to repeat, since 
we described and illustrated both the building and 
the equipment of Dalmarnock station very fully 
in May and June of last year.* On the subject of 
Dalmarnock Mr. Mitchell, of course, spoke with 
authority, not only in view of his present position 
as chief engineer and manager to the Glasgow 
Corporation Electricity Department, but also in 
view of his earlier position as Mr. Lackie’s assistant. 
He has been concerned with the planning and build- 
ing of the station throughout. There was no dis- 
cussion on Mr. Mitchell’s paper, and after its reading 
a visit was paid to the station itself. This was 
followed by a lunch at the City Chambers, given by 
the Corporation of Glasgow to the Institution. At 
this function the Lord Provost again presided, and 
speeches were made by Bailie Sadler, the President, 
and Mr. Ll. B. Atkinson, the president of last year. 
This did not exhaust the hospitality of the Glasgow 
authorities, as a Reception was held at the City 
Chamber in the evening by the Lord Provost. 
On the afternoon of Tuesday, as already referred to, 
a visit was paid to the Clydesmill Power Station of 
the Clyde Valley Electrical Power Company, and to 
some of the Glasgow Corporation Reservoirs. 

As we have said, it is unnecessary that we should 
attempt to re-describe the Dalmarnock station, but 
certain features of it may be referred to in com- 
parison with the Clydesmill station, the two stations 
being visited within a few hours of each other. The 
stations are both bulk supply stations of about the 
same age, situated in a common district, and, one 
may fairly assume, having to deal with much the 
same kind of load. The Dalmarnock station is 
planned to be built in two sections, each of 100,000 
kw. The first section only has so far been pro- 
ceeded with. The machine unit adopted is one of 
18,750 kw. at normal rating, so that there are five 
machines in each section. The Clydesmill station 
which, like Dalmarnock, is situated on the Clyde 
so that ample condensing water is available, is 
planned ultimately to contain six 20,000 kw. 
machines, so that finally it will be fairly comparable 
with Dalmarnock in size. The Clydesmill station 
was started during the war, and owing to the 
necessity for getting to work as rapidly as possible, 
it was equipped with two 5,000 kw. sets. These, 
with one 18,500 kw. machine, are the present 
equipment. The war origin of the station prevents 
it having the unity of Dalmarnock. 

In both of these stations a relatively small over- 
head bunker capacity has been installed. In each 
case the total overhead capacity would run the 
station for about a day. This policy has much to 
be said for it. Overhead bunkers carrying a large 
supply are expensive items, and add greatly to the 
cost of the building which has to carry them. At 
the same time a very small overhead capacity, 
equivalent only to one hour to two steaming, may 
lead to trouble from, say, a trivial motor fault. 
The 24-hour capacity of these stations gives a 
reasonable margin for repairs in the event of shut- 
down, but a bad break-up of the conveyor plant 
might lead to trouble. Dalmarnock depends on a 
single bucket-elevator, while Clydesmill has two. 
The breakage of a main bucket-chain might in either 
case shut down an elevator for considerably more 
than 24 hours. In connection with this considera- 
tion, however, it must be remembered that both 
stations are inter-connected with others, which 
could afford help over difficulé periods. At the 
time of our visit Dalmarnock was, we believe, 
carrying the whole of the Glasgow load, which was 
naturally below normal owing to slack trade and 
the engineering lockout. 

A feature of Dalmarnock calling for much praise, 
and to which it is evident that Mr. Mitchell attaches 
much importance, are the Avery automatic weighing 
machines fitted to the coal chutes of the boilers. 
This matter is referred to in his paper. No such 
arrangement is fitted at Clydesmill, which is thus 
following common practice. The coal is weighed in 
bulk as received. We noted, when going through 


* See Enormnnie, vol, oxi, pp. 635, 703, 736, 767. 





the station, that Lea coal meters are being tried, 
so that the value of data for individual boilers is 
evidently recognised. The coal-handling arrange- 
ments at Dalmarnock are very complete, and were 
fully described in our earlier articles. Clydesmill 
has as yet only a somewhat temporary arrange- 
ment, and the final layout is not yet determined on. 
Coal is tipped to a hopper below rail level, and is 
carried by conveyors to the bunkers. Coal for 
stock is tipped to a second hopper, which delivers 
through an opening in the side to ground level. 
This coal is at present handled by crane, and may 
be moved further out for storage, or lifted and 
dropped in the feeding hopper. 

Both of these stations take condensing water 
from the Clyde, and both have screening arrange- 
ments to keep out leaves and rubbish. Clydesmill, 
owing to some rights purchased with the old water- 
mill on the site of which it stands, has been able to 
build a dam, and form a dock or pool with a weir, 
so that a sort of settling tank arrangement is 
formed, and the intake comes from comparatively 
still water. This should make any trouble with 
leaves, &c., very unlikely. Both stations use Clyde 
water for make-up, and employ softening plants. 


(To be continued.) 








NOTES. 
THe STRUCTURE OF COKE. 


PROBABLY the most interesting portion of the 
second section of the Report of the Fuel Research 
Board 1920-21, which deals with the problem of 
low-temperature carbonisation, is that relating to 
the structure of coke, and this part formed the 
subject of a lecture by Sir George Beilby, delivered 
to the London Section of the Society of Chemical 
Industry on Monday last. As can easily be 
imagined, carbon, in the form of coke, is a particu- 
larly difficult material to examine microscopically. 
The method of section cutting employed for examin- 
ing coal by transmitted light is quite inadequate 
for studying the minute structure of coke. The 
earlier work of Sir George Beiiby on the micro- 
structure of solids has shown the importance of 
bringing into view all three dimensions of the 
structure under investigation, since the minute 
elements of the structure must be seen in relief 
if their nature and origin are to be properly under- 
stood. Lenses of great depth of focus, necessarily 
involving some loss of resolving power, were there- 
fore employed, and observations with these have 
shown that the coke structure, however minute, is 
due to the evolution of gas bubbles from the fused, 
or partially fused, coal. The first step in this 
operation, Sir George considers, results in the 
formation of a foam in which each bubble is a self- 
contained cell, but by the mutual perforation of 
these bubble cells at their points of contact, a 
sponge-like structure is produced through which 
the gases ultimately escape to the outside of the 
mass. The special characteristic of the fused coal 
substance which leads to the continuous develop- 
ment of this structure is that its decomposition 
with the evolution of gas continues as the tempera- 
ture is raised. Gas begins to come off at about 
400 deg. C., and is still being evolved at 1,000 deg. C. 
or higher; moreover, the walls of the bubbles 
generated at lower temperatures, continue to give 
off gas and to generate more and more minute 
bubbles as the temperature rises. The sponge-cell 
structures produced may have a minute porosity 
even exceeding that of wood charcoal, and under 
favourable conditions films showing the soap bubble 
colours have been detected in it. The researches 
covered by the report have thrown a useful light 
on the subject of blending coals to counteract 
excessive foaming during carbonisation, and it 
has been found that, with suitable proportions of 
properly selected coals, the resulting coke occupies 
a smaller volume than the original coal. In this 
way one of the most serious of the difficulties 
experienced in carbonising fusible coals has been 
removed. Experiments on low-temperature car- 
bonisation on an industrial scale have been carried 
out with crushed coal arranged in thin layers in 
horizontal steel retorts. The behaviour of various 
types of coal has been studied and the yields and 





quantities of products completely and accurately 





ascertained. It has also been shown that properly 
designed metal retorts can safely be used for car- 
bonisation at 600 deg. C. or even higher tempera- 
tures. An automatic carbonising machine has 
been devised, and has now been in operation for 
about nine months, during which time a consider- 
able quantity of satisfactory coke cakes has been 
produced. With this machine, some difficulties 
have arisen owing to the loss of rigidity which 
occurs in steel at a temperature of 600 deg. C., but 
the experience gained has opened up certain possi- 
bilities which are now being developed. In addition 
to this, the work now in hand at the Fuel Research 
Station includes the study of briquetting as a pre- 
liminary to carbonisation and the development of a 
practical method of briquetting coal at or near its 
fusing point. 

Paris MEETING oF THE INSTITUTION OF NAVAL 

ARCHITECTS. 


It is to be hoped that there will be a large atten- 
dance of British members of the Institution of 
Naval Architects at the Paris meetings, because, 
in the first place, M. Bertin and his colleagues have 
prepared a great welcome for the members, and, 
in view of the need for cementing still more closely 
the entente between the two nations, much good 
must accrue from the joint meeting of the British 
and French naval architects. The complete pro- 
gramme has now been issued, and the members 
are to leave for Paris on the morning of Monday, 
July 3. On the following day the meeting will be 
opened by the President of the Association Tech- 
nique Maritime, M. Bertin (President of the Aca- 
démie des Sciences), at the Sorbonne, Rue des 
Ecoles, after which the chair will be taken by the 
Duke of Northumberland. The first paper to be 
read is on “The Tendency of Warship Design as 
Affected by the War,” by Sir Eustace T. d’Eyncourt, 
K.C.B., than whom there is no one better fitted 
to deal with this very important subject. Major 
L. Fea, R.I.N., will contribute the second paper, 
which is to deal with the “ Influence of the Washing- 
ton Conference on the Development of Certain 
Types of War Vessels.” It is probable that both 
these papers will be discussed together, and it will 
be interesting to have the views not only of British 
but of European naval designers on the influence 
of the war and the Washington decisions on the 
size and type of vessel suitable for navies. In the 
afternoon there is to be a reception and tea given 
by M. and Mile. Bertin. On Wednesday two further 
papers will be read, one by Sir John Biles, K.C.I.E., 
on the “ Stability of Large Ships,” and the other 
by Professor Guillet, of Paris, on “‘ New Methods 
of Testing Materials.” In the afternoon visits will 
be paid to works in or near Paris, and in the evening 
the dinner of the Institution will be held. On 
Thursday forenoon two further papers are down for 
reading, one by General G. Rota, R.I.N., on “ Fur- 
ther Experiments on Contrary Turning Propeller 
Screws,” and the other on “ The Proportions and 
Block Co-efficients of Merchant Steamers,” by 
W. J. Lovett. Visits will be paid to the Chateau of 
Versailles, and in the evening a reception will be 
given by members of the Ecole Central Club. 
Friday is to be devoted to an all-day trip to Rheims, 
and on Saturday the members will leave Paris for 
Havre, where they are to be entertained by the 
Municipal Council and the Chamber of Commerce 
and the shipbuilders of the district, and will after- 
wards visit the Normand, Schneider, Forges et 
Chantiers de la Mediterranée and the Ateliers de 
la Gironde shipbuilding yards. Some members 
leave by boat for Southampton in the evening. 
Others may wait to visit the Chantiers Navals 
Frangais at Caen. 
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The Work of the Royal Engineers in the European War, 
1914-19. Two volumes: I. Supply of Engineer Stores 





and Equi . Price 78, Il. Bridging. Price 12s. 
Published by the Secretary, R.E. Institute, Chatham. 
Chatham : W. & J. MacKay and Co., Limited. 


I. ENcrxger Srorss is a term of wide significance, 
for the department supplied to the fighting soldier 
practically all he needed save his arms, food, and 
clothing, and in the piping times of peace the 
“ Ordnance Stores,” the precursor of the wider 
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organisation the war demanded, were responsible 
for providing the Army with the necessary technical 
equipment. The inelastic character of the machinery 
for collection and distribution is shown by the fact, 
that every article that could be supposed necessary 
to an army in the field was allotted a place in the 
“Vocabulary of Stores,” and unless the article 
could be found in the vocabulary, to all practical 
military purposes it did not exist. No doubt the 
working of such an arrangement was very satis- 
factory and simple to those engaged in carrying out 
the limited scheme, but the conditions of war will 
not wait for a deliberate enlargement of a vocabulary, 
and immediately the Army took the field the authori- 
ties were besieged by applications for articles which 
had no place in existing store tables. The Royal 
Army Ordnance Corps apparently were unable to 
cope with the new conditions, and gradually more 
and more work fell to the Royal Engineers, who 
came to be regarded as the universal providers of 
everything that was not authorised equipment. 
This book relates how the Royal Engineers met the 
many urgent demands made upon their resources, 
describes the character and the quantity of the 
material provided, and traces the organisation 
which promoted due distribution. 

It would be hopeless, and we have no intention of 
attempting to give any idea of the magnitude of 
the task taken over by the Royal Engineers, or of 
striving to do justice to the skill and management 
that enabled the work to be carried through with a 
considerable measure of success. It is true that at 
the time there were complaints of incompetency, of 
the evils of overlapping, and the indifference ex- 
hibited by officials to civilian remonstrance. When 
every one thinks that his particular requirement 
or contribution is the one thing necessary for the 
success of field operations, it is difficult to preserve 
a due perspective in estimating the effective working 
of a great scheme, such as the equipment of an army 
involves. Much of the irritation was due to 
nervousness and narrow outlook, but when, assisted 
by the compilation of these statistics, a general 
survey of the whole conditions is made, the marvel is 
not that friction and complaint were rampant, 
but that the work was carried through with any 
degree of orderly system. This would be the more 
apparent, if we dared to quote any details to show 
what was accomplished in any one department, 
still more, if it were possible to picture the number 
of subdivisions that effective organisations required. 
The materials had to be collected from contractors’ 
works scattered all over the country, to be conveyed 
over congested railways to various ports, and the 
irregular arrival of stores to be fitted into a detailed 
programme of exportation month by month. Now 
and again, we read that the manufacture of some 
particular article gave trouble from time to time 
by reason of shortage of raw material, conditions of 
transport, &c., “but supply was kept up to 
demand.” 

Engineer stores include the necessary equipment 
for electric lighting and for wireless installations : 
for aircraft and propaganda balloons, for pontoons 
and light bridging, for miner’s shovels and sand bags, 
but however far one extended the list, the catalogue 
would remain incomplete. The quantities demanded 
were as enormous as the list is inexhaustible. Of 
sand bags alone the number forwarded to the 
various theatres of war amounted to 13 x 10-8, 
and it might assist some to form an idea of this 
number, if it be added that the length of the woven 
material, 18 in. wide, used in construction, would 
be considerably more than twice the distance of the 
Moon from the Earth. Perhaps it would be better 
to say, that a saving of one farthing in the manu- 
facture of a single bag, would effect a total saving 
of 1,354,0007. On such a magnificent scale was 
the war conducted ! 

II. Brrperxe.—The main interest attaching to the 
description of bridging operations centres in the 
later period of the war, for though at the end of 
1914 some feverish impatience was exhibited in 
the collection of the necessary steel spans, by the 
beginning of 1915 the military situation indicated 
clearly that there would be no immediate use for 
these bridges, and there was not a little difficulty in 
providing storage space for them as they arrived at 
the base. It is not uninstructive to note that 





early in 1915, the War Office was engaged in design- 
ing heavy floating bridges necessary for the passage 
of the Rhine in the event of operations being carried 
into the enemy’s country. Plans were actually 
prepared for the construction of a heavy pontoon 
to carry a maximum load of a 14-ton traction 
engine, across a river 500 yards broad, with a 
minimum current of 5 miles an hour. The higher 
authorities in France, however, less hopeful than 
their colleagues in London, expressed a unanimous 
opinion that the British Army was unlikely to be 
called upon to bridge the Rhine in the course of 
active operations, and the scheme was abandoned. 

In those long months of waiting, when the army 
was comparatively stationary in the trenches, 
actual bridge construction was of minor importance, 
and advantage was taken of this period of in- 
activity to train officers and men in the erection of 
steel bridge spans with timber piers and abutments. 
That such training was eminently necessary must 
be admitted, for the compilers of this work make 
the humiliating statement, that “at the beginning 
of the war the British Army not only was unprovided 
with special material for heavy bridging, but 
technical intelligence on which to base possible 
requirements was almost entirely lacking.” This 
training proved as satisfactory as it was necessary, 
and all demands were confidently met with prompt- 
ness and intelligence in the later period of the war. 
Bridge construction on a large scale began with the 
withdrawal of the German Army to the Hindenburg 
line, increased in intensity on the retreat of the 
British Army after March, 1918, and culminated 
in the rapid advance from August to November, 
when every successive stage of the enemy’s retreat 
finished by occupying a position behind a water 
obstacle, after destroying all existing crossings. 
In the first four years of the war up to the final 
advance, some 180 standard span heavy bridges 
were erected, but in the course of that last three 
months, many hundreds suitable for the use of 
infantry and First Line transports were made by 
Divisional troops in addition to many crossings for 
tanks and heavy artillery. The power of the 
British Army to advance depended on the speed 
with which the Royal Engineers could construct 
bridge crossings. 

The enemy was perfectly aware of this fact, and 
very thoroughly did he do the work of destruction 
to hamper progress. Where a lock had to be 
blocked, the usual method was to explode groups 
of large calibre H.E. shells, four on each side of the 
lock sunk about 2 m. deep behind the brick backing 
of the masonry walls. The resultant craters were 
approximately 4 m. deep, and 8 m. in diameter. 
But erection was as rapid as destruction. On one 
occasion, it is stated that heavy tank bridges were 
erected in 1 hour 45 minutes, and at another time 
the Field Companies of one Division constructed 
24 foot-bridges across the River Selle in a single 
night. Very miscellaneous materials were used in 
these hasty constructions, that which happened 
to be most easily procurable, being generally pre- 
ferred. Floating piers were made of cork, of oil 
tins, captured German floats, &c. The cork floats 
were the most satisfactory for infantry troops, as 
they were found to be absolutely impervious to 
shrapnel or splinters. Unfortunately the supply 
of cork was never equal to the demand. One 
hundred tons of cork were requisitioned for the 
season of 1918, and the whole of this was issued 
and used up during the first few weeks of advance. 
Shipping difficulties prevented the arrival of further 
supplies, but so valuable were these cork floats con- 
sidered, that they were frequently carried forward 
for re-use. 

It would be interesting to follow the development 
of the heavy steel girder bridges, which, originally 
adapted for the carriage of 8-in. howitzer—13 tons 
on one axle—were soon increased to carry a 
maximum axle load of 17 tons, when the heavier 
naval carriages were used ; to be further strength- 
ened on the introduction of tanks to support an 
axle load of 30 tons. The roadway clearances 
gave great anxiety, but the 10-ft. stock spans 
served, if, as in the case of tanks, the sponsons 
were turned in. It is hinted that inefficient atten- 
tion was bestowed on this necessity, and that a 
certain number of tanks were lost owing to the 





neglect of turning in the sponsons on emergency. 
Of the various types of steel bridges tried the most 
satisfactory appears to have been the Hopkins 
120-ft. and 75-ft. span. A Hopkins’ lorry bridge 
designed to carry loads up to 5 ton lorries, though 
not actually used, promised to be very serviceable. 
The rapidity of its erection was a great feature. 
Without any previous experience, a 60-ft. length 
was built, launched, decked, and approach ramps 
fitted ready for traffic in 5 hours. But the book 
must be consulted for details, many instructive 
photographs being given and much useful infor- 
mation supplied. 





The Manufacture of Cane Sugar. By Messrs. Lu. Jonzs, 
M.I.E.8., and F. I. Scarp, F.I.C. Second edition, 
revised, with an introduction by ALGERNON ASPINALL, 
C.M.G. London: Duckworth and Co. 1922. [Price 
25s. net.] 


THE appearance of this work, whose second edition 
we cordially welcome, coincides in time with the 
efforts made to resuscitate the sugar beet industry, 
that has suffered severely from the effects of the 
Great War, and when it behoves the cane-sugar 
producers to strain every nerve and to adopt every 
device that will enable them to retain the supre- 
macy. During the present century the alternate 
rise and fall in the relative production of cane and 
beet sugars have been remarkable. In 1901, the 
quantities of sugar from either source were near] 

equal, but by 1909, when the first edition of this 
treatise appeared, the world’s production of cane 
sugar exceeded that of beet by nearly 10 per cent. 
During the Great War the exports of cane sugar 
rose to 12,500,000 tons, while the beet output 
fell off to 5,000,000 tons, and in 1920 the yield 
was little more than half this quantity. Owing 
to German resource and determination, the beet 
industry is rapidly recovering, and the present 
annual production is expected to reach 4,000,000 
tons, so that in the near future keen competition 
may be anticipated between Colonial production 
and that of Central Europe. 

In face of this rivalry, it is important to remember 
that the Indian and Colonial output did not double 
itself—increasing practically from 6,000,000 tons 
to 12,000,000 tons—without much enterprise being 
exhibited and much experience being acquired. 
Machinery more powerful in construction and more 
ingenious in design has been brought into opera- 
tion, agriculturists have improved the quality and 
increased the quantity of the cane, chemists have 
devised more efficient methods of conducting the 
various operations, engineers have taught the need 
of greater fuel economy and of scientific control 
of the factory, superseding the loose and lavish 
methods that sufficed in days when rivalry was less 
keen. It is essential, however, that the recently 
acquired information should be brought under the 
notice of those engaged in cane sugar production 
by competent instructors. Fortunately, the authors 
are well equipped by their wide practical ex- 
perience gained in many climates and under varied 
conditions, and are admirably fitted both in the 
capacity of chemists and engineers to earn the 
confidence of the producers and to enforce the lessons 
of economic production, that can alone ensure 
success against competition, aided it may be by 
State subsidies, while the Colonial planters fight a 
lone hand. It is a matter for satisfaction, there- 
fore, that the authors address the estate proprietors 
and those interested in clear and non-technical 
language, so that no special technical knowledge 
is required to convince them that the continued 
prosperity of one of the great industries of the 
tropics depends upon the use of the most modern 
machinery and the adoption of methods that give 
the highest return at all stages of the manufacture 
of sugar and its by-products. 

The object of the authors has been to trace the 
many improvements made in the crushing machinery 
from the most primitive mechanical means of 
extraction, to the employment of the most powerful 
of multiple mills, arranged in the most economical 
manner, whereby it is possible to recover some 
96 per cent. of the sucrose from the cane. Some 
of the advocates of the diffusion process claim 
an even higher extract, and it is not impossible 
but that, in the future, diffusion, or osmosis, will 
play a larger part in the extraction of the raw 
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material than does the crushing mill. The question 
is a very wide one, into which many conflicting 
factors enter, which cannot be discussed here, 
but it can easily be imagined that in attempting 
to extract the last traces of sucrose from the megass, 
the game may not be worth the candle. 

In the after operations of clarification and con- 
centration of the juice, the development of the 
vacuum pan and the vacuum pump is traced with 
the same care and instructive thoroughness that 
mark the authors’ work in the case of the crushing 
apparatus. Since vacuum pans are now con- 
structed capable of containing 60 tons of massecuite, 
from which about 40 tons of sugar crystals will be 
yielded, it is evident that the growth and design 
of machinery must have contributed materially 
to the possibilities of sugar manufacture. In the 
continual and encouraging progress, the use of the 
“ centrifugal ” in “‘ sugar curing ” or the separation 
of the sugar crystals from the mother liquor has 
contributed in no small measure. 

Finally, we can follow the authors’ account of 
the disposal of the waste megass as it is used in 
steam generation or is converted into cattle food 
and other purposes. The history of the manu- 
facture of rum and of industrial alcohol affords 
material for an interesting chapter. It is certain 
that the practical sugar-maker will appreciate the 
clear description of methods and theories, that 
will give to many a new and penetrating insight 
into processes only imperfectly understood and 
supply new incentives to increased production. 
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Tue InstITUTION oF ELECTRICAL ENGINEERS: WAR 
MeEmoRIAL.—The unveiling and dedication of the War 
Memorial in memory of the members of the Institution 
who fell in the Great War will take place at the Institution 
building on Wednesday, June 28, 1922, at 4.30 p.m. The 
memorial will be dedicated by the Right Rev. Bishop 
Ryle, K.C.V.O., D.D., Dean of Westminster, and un- 
veiled by Air Chief Marshal Sir H. M. Trenchard, Bart., 
K.C.B., D.8.0., assisted by the President of the Institu- 
tion, Mr. J. 8. Highfield, and the Senior Vice-President, 
Dr. W. H. Eccles, F.R.S. The entrance hall, where the 
memorial will be erected, will be reserved for nearest 
relatives, and — tickets will be issued to them for this 

urpose. Members (other than relatives) and their 
adies will take their places in the lecture theatre, for 
which no tickets will be required. It is particularly 
requested that those attending should arrive not later 
than 4.15 p.m. It is desired that officers who have 
uniforms should attend in Service dress with decorations. 


NOTES ON NEW BOOKS. 


Tue United States have always been to the fore in the 
production of “ business doctors, “ cost engineers,” 
“‘ efficiency engineers,” and other persons whose aim 
in life appears to be the investigation and criticism of 
the real work done by other people. Even in their own 
country, however, it is doubtful whether practical 
business men take these people too seriously, for the 
national shrewdness which leads some Americans to 
seek fame and fortune as the self-appointed high 
priests of a new cult of their own founding, equally 
leads their fellow countrymen to doubt the all- 
sufficiency of their doctrines. Making all allowances, 
however, for the professional quackery which promises 
to remove all business ills if the advice of some self- 
styled expert is followed, there is no doubt that a good 
deal of useful work has been done on the other side of 
the Atlantic in advocating a closer examination of the 
ultimate details upon which successful manufacturing 
and commerce are based. In “ Market Analysis” 
(McGraw Book Company, Inc., New York and London, 
17s. 6d. net), we have a book written “‘ to serve as a 
guide for the manufacturer, sales manager, engineer, 
advertising agency and others interested in the scientific 
analysis and organisation of markets.’ The author 
is Mr. Percival White, whose qualifications of “ Market 
Counsellor ”’ is given preference over that of membership 
of various engineering societies. As far as the nature of 
the book can be described in a few lines, it is an 
exhortation to place the organisation of sales on a 
national basis, by studying any market intensively 
from the point of view of geography, climate, customs 
of the people, number of potential purchasers, &c. 
Much of the matter savours of platitude, and much 
more strikes the reader as of an academic nature, but 
the book is well written and can be read with sustained 
interest. There is a great deal of suggestive and 
stimulating matter in its 330 pages, and as an attempt 
to analyse the reasons, why, when, where, how, and 
to what extent the sales of any particular commodity 
are possible, the book will prove interesting to all who 
are concerned with the art of salesmanship. 





Though one may not quite see why the necessity of 
economy, if really universal, should be greater now than 
it was before the war, nobody questions that necessity, 
and authorities merely differ as to how and where waste 
can be stopped. Economy has its time and space 
elements. What looks right in one case, may be wrong 
in another, and this relativity is, perhaps as difficult 
to grasp almost as the general principle of relativity. 
The utility of treaties on the practice of economy is 
hence limited by considerations of time and locality, 
especially in days of sich upheavals as we are passing 
through. The same circumstances make the task of 
the writer on the subject very difficult. In his 
“* Betriebskosten und Organisation im Baumaschinen- 
wesen,” by Dr. G. Garbotz, of the Technical High School 
Darmstadt. [Berlin : Julius Sprinzer, 124 pages octavo, 
price 192 marks, had such a task. He wishes to assist 
the engineer, architect and contractor engaged in build- 
ing construction, in arriving at a proper estimate of the 
cost his project will involve, and to suggest means of 
econonising by making a good selection of the 
machinery of all types required by ensrring suffi- 
cicnry of plant and by proper organisation. The 
book is largely tabular, and the cost estimates, for 
which no more than a relative value is claimed, 
are mainly, though by no means entirely, based 
necessarily on German conditions and on the actual 
very low course of exchange of German money. 
Hence, all the price curves show an enormous rise 
since the close of 1918, and little of the recent 
tendency of a return to pre-war conditions obtaining 
here. There is no doubt that Dr. Garbotz has taken his 
task very seriously, and that he has done his best to 
estimate the capacity, efficiency and working costs of 
various boilers, engines and locomotives, of Diesel, 
electric and other motors, of pumps, compressors, 
cranes, dredgers, disintegrators, concrete machinery, 
&c., and of the various means of transport. One of the 
points dwelt upon is the inadvisability—difficult to 
avoid often—of keeping, e.g., various styles of pumps 
in the same works, necessitating a great variety of 
spare stock. 





Of the various Technical Records of Explosives 
Supply, 1915-18, those on acid manufacturing, and 
icularly the most recent record, No. 5, “ Manu- 

| ne of Sulphuric Acid by Contact Process,” [H.M. 
Stationery Office, Imperial House, Kingsway, W.C. 2; 
price 26s. post free] may find the widest appreciation, 
though it deals only with two processes. The Mann- 
heim process was ado’ in the Government Factory 
erected at Queen’s Ferry to the plans of Messrs. 
Kynoch ; the Grillo (or Schroeder-Grillo) process was 
also worked at Queen’s Ferry, and further at Avon- 
mouth, the plants being designed by Mr. K. B. Quinan. 





References to a third process, that of Tentelew, 
had been made in the Second Report of Costs and 
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Efficiencies ; we outlined this process in our article on 


the Holton Heath Cordite Factory (ENGINEErIne, 
January 28, 1921, pages 94 to 97). The three pro- 
cesses start from sulphur dioxide SO., which is pro- 
duced by burning either pyrites or (in the Grillo plant) 
sulphur; preference for the latter was a question 
of freight. The gases have to be most thoroughly 
purified of arsenic, selenium, fluorine, &c., lest they 
poison the hot platinum, by the contact with which 
the SO. is made to combine with the atmospheric oxygen 
and oxidised into SO... In the Mannheim and Tentelew 
processes the platinum is deposited on asbestos. and it is 
difficult to predict which kind of asbestos will prove 
suitable for this purpose; the asbestos mats used 
could not be renewed more than twice, and the very 
high efficiency of the conversion might have been 
further raised and the temperature (about 500 deg. C.) 
lowered, if more platinum had been applied. In 
the Mannheim process, the catalysis is, in order to 
keep the platinum proportion down, effected in two 
stages, the gases being first passed through an iron- 
oxide shaft before coming in contact with the platinum. 
In the Grillo process calcined magnesium sulphate is 
impregnated with platinum, and this seems to be pre- 
ferable, the converters having been found to be in good 
condition after a continuous run of fifteen months, 
during which the largest amounts of oleum were pro- 
duced. The many diagrams and tables added to 
Mr. Macnab’s volume of 128 pages, make the small 
quarto book a little bulky, but all the more instructive. 





Those who advocate scientific methods in connection 
with engineering work are altogether too apt to think 
that nothing is scientific unless it is the outcome of 
laboratory research and is properly mixed up with 
mathematical formule. It is this state of mind which 
has brought the word “ scientific’? into disrepute, 
and has done so much to antagonise those men who have 
actually to carry on the processes in question under 
commercial conditions. A man is just as scientific 
in his methods if he bases his actions upon experience 
gained in a workshop, as is a professor who draws 
conclusions from what happens in a test tube, the only 
requirement in each case being that the observations 
shall be exact and the deductions logical. Of all the 
departments of an engineering works, the iron foundry 
is the chief one where practical experience counts for 
more than theoretical reasoning. The results of 
persistent and laborious experiments with the casting 
of various mixtures furnishes knowledge which may be 
one of the most valuable assets of a firm, and it is more 
truly scientific to avail oneself of such empirical 
knowledge than to try to deduce facts from what 
are thought to be first principles. In the ‘‘ Handbook 
for Iron Founders,”’ issued by the Frodair Iron and 
Steel Company, Limited, London (The Locomotive 
Publishing Company, Limited, London; price 3s. 6d. 
net), this point of view is emphasised, the author 
showing that “It has been necessary to work boldly 
counter to the assertions and rules of the chemist ” 
in order to get some of the best results. In connection 
with the effects of silicon, phosphorus, sulphur, &c., 
on castings the opinions expressed by experienced men 
are quoted, and the book throughout maintains the 
practical standpoint of the foundryman. The ex- 
pression “ rule of thumb” as applied to iron-founding 
is stated to be “‘ merely an opprobrious epithet applied 
to the empirical method,” the latter being held to be 
essential in the present state of knowledge. In proof 
of this the analysis of the iron used for a pair of loco- 
motive cylinders is given. This, it is stated, would be 
condemned by the majority of foundry chemists. 
Yet the cylinders had been in constant use on an 
English railway for twenty-three years, and were still 
serviceable. The conclusion is drawn that certain 
irons or mixtures of iron are eminently suitable for 
particular classes of castings by virtue of inherent 
physical characteristics derived from the ores them- 
selves and entirely independent of chemical com- 
position. 





Harsovur Construction ts DENMARK.—Several 
important extensions and other works in connection 
with the harbours in the south Jutland towns of Aabenraa, 
Hadersler and Sénderborg, have been decided upon. 
The estimated expenditure will be between £400,000 and 
£500,000, and the Danish Government will render 
substantial financial assistance. The three towns 
mentioned are located in Sleswig (now called South 
Jutland), which was restored to Denmark after the war. 


Scrap-rRON IN GERMANY.—For some weeks past 
the prices for scrap-iron in Germany have been rising 
to as much as 120 to !125 times pre-war quotations, 
but a slight reaction has now set in, and present quo- 
tations stand at about 100 times the pre-war normal ; 
the price, however, is still above that of pig-iron. The 
authorities have recently been vested with power to 
fix maximum prices for scrap-iron, but it is still doubtful 
whether they will iexercise.these. A further decree is 
under consideration, empowering the officials to con- 
fiscate stocks ofiscrap which have been held back. 
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INDUSTRIAL NOTES. 


Accorprne to The Labour Gazette there were further 
substantial reductions in wages during April. In the 
industries and services for which statistics are collected 
by the Department for Labour the changes in rates 
of wages reported during the month resulted in a 
reduction of approximately 700,000/. in the weekly 
full-time wages of 3,200,000 workpeople. The in- 
creases reported amounted to only about 7,000/. per 
week in the wages of 150,000 workpeople. The 
principal bodies of workpeople whose wages were 
reduced were building trade operatives, workpeople 
in the cotton and wool textile industries, coal miners, 
and railway servants. Building trade operatives 
sustained a reduction of 2d. per hour. In the cotton 
industry there was a reduction of 40 per cent. on 
standard list prices, equivalent to about 164 per cent. 
on current rates. The wages of woollen and worsted 
operatives in Yorkshire were decreased, under a cost of 
living sliding scale, by 10 per cent. on basis rates (about 
5 per cent. on current rates) in the case of time workers, 
the wages of piece workers being proportionately re- 
duced. In the coal-mining industry there were de- 
creases, varying from under 1 per cent. to about 2 per 
cent. on current rates in the Yorkshire and East 
Midland area, Lancashire, North Staffordshire and 
Cheshire, and the Forest of Dean, and slight reduction 
in the subsistence wage in Northumberland and 
Durham ; on the other hand the percentage payable 
on standard rates was increased by the equivalent 
of from about 1 per cent. to 2} per cent. on current 
rates in the case of coal miners in Northumberland, 
Radstock, Bristol and Scotland. In the railway service 
wages were reduced by 4s. aweek. Since the beginning 
of 1922 changes in rates of wages reported to the 
Department have resulted in a net reduction of over 
1,900,0001. in the weekly rates of wages of 6,800,000 
workpeople, and a net increase of about 3,300/. in the 
wages of 22,000 workpeople. 





Statistics analysed by the British Commonwealth 
Union show that a wonderful improvement has been 
effected in the efficiency of coal-mining during the past 
few months. Including clerks and other salaried 
persons, there were about 1,091,000 persons engaged 
in coal-mining in the first three months of 1922, and 
between them they raised about 61,000,000 tons of 
saleable coal or 7,000,000 tons more than 1,233,000 
persons raised during the first quarter of 1921. The 
comparison is a little misleading because Easter fell 
in the first quarter of 1921, but not in the first quarter 
of 1922, and probably 3,000,000 tons should be allowed 
for this. Even then, however, it will be seen that the 
average efficiency improved by just over 20 per cent. 





Taking the Board of Trade index number of whole- 
sale prices in which the standard 100 is the average 
for the year 1913, the British Commonwealth Union 
notes that in January, 1920, it was at 303, in April 
332-3, and in May 332-6, after which it commenced 
to decline rapidly, dropping to 269-4 in December, 
1920, to 204-7 in May, 1921, that is to say, one year 
after the decline commenced, while by the end of 
December, 1921, it had fallen to 171-4, and for the 
present year the course of prices has been as follows : 
January, 1922, 167-5; February, 1922, 165-1; March, 
1922, 163-3; April, 1922, 164-1. It will be seen that 
the rate of fall slowed up gradually and has at last, two 
years after it started, been reversed, and a slight 
increase has taken place. This change means that 
the immense losses, which manufacturers and merchants 
have been constantly incurring during the last two 
years as a result of the rapid fall in prices, have come 
to an end, and so far as most commodities are con- 
cerned, manufacturers and merchants can now pur- 
chase them with reasonable certainty that they will 
not incur losses during the time that the goods are in 
the warehouses or are in course of manufacture. In 
other words, the greatest cause of loss, and what is 
perhaps even more important, the greatest cause of 
the fear of loss, now appears to have been definitely 
removed so far as trade as a whole is concerned. 





The National Union of Foundry Workers, which is 
one of the 47 “ other” unions, in a statement issued 
last week on the engineering employers’ proposals, 
say: “The proposals are not by any means satis- 
factory to the union leaders, but, as the employers were 
told in conference, this matter was thrust upon us when 
we had no quarrel. . . . Weare unable to say how 
the members will vote, but we can truthfully say that 
should the proposals be accepted it will not be because 
the members are satisfied with them, but solely because 
of their economic circumstances and the privations 
they will be called upon to endure should the lock-out 
continue. The Executive Council cannot recommend 
the employers’ terms, but owing to the circumstances 
above mentioned they are leaving the decision in the 
hands of the members.” The all-important question, 
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| of course, is whether the struggle has been due ‘to the 


* malignancy” of the employers, or whether“ economic 
circumstances’ have made it essential that our engi- 
neering workshops shall be operated more efficiently. 
Few even of the extremists amongst the workmen 
would seriously maintain the first of these alternatives. 


Mr. Hutchinson, the member of the Executive of the 
Amalgamated Engineering Union who gave evidence 
in the recent inquiry to the effect that his union would 
not permit a skilled man to be replaced by a machine 
operated by unskilled labour, ‘has now expressed the 
hope that if the union has to yield on such matters, 
and the workmen do return, they will do so “‘ with the 
iron in their souls.” From past experience, if the out- 
come proves to the men that their demands were 
impossible, it is unlikely that they will bear malice. 
Many of them, as already noted in these columns, 
“know” that present union methods “ are a’ wrang,” 
and, that being so, they, having the virtues as well as 
the defects of their race, are unlikely to. prove vindio- 
tive. 


The National Wages and Conditions Council of the 
Building Industry have confirmed the second reduction 
in wages mentioned in the resolution of March 17, 
and have agreed that the wages so reduced should be 
stabilised until March 1 next, that the working week 
of 44 hours, except in December and January, when the 
hours should be 41}, should continue unaltered until 
March 1, and that a national rule should be made 
within three months to provide that walking time, 
when allowed, should be paid for at ordinary time rate 
and not counted as part of the 8-hours’ day. The 
resolution of March 27 provided for reductions in 
wages that made craftsmen’s rates ls. 4d, to ls. 10d. 
on April 1 last, and craftsmen’s rates 1s. 3d. to Is. 84., 
and labourers’ rates 11}d. to 1s. 3d. on June 1. 

With reference to the rumour that a general stoppage 
of electrical services is contemplated for June 3, it 
is announced by the secretary of the National Joint 
Industrial Council for the Electricity Supply Industry, 
that both sides of the Council are adhering loyally 
to their national agreements, and that the statement 
referred to is entirely unauthorised so far as any of 
those represented on the National Council are con- 
cerned, 





Like Lowell’s “‘ pious editor” in the Biglow papers, 
the Welsh miners may ‘“‘ believe in Freedom’s cause, 
as far away as Paris is,’’ but like him they hold that 
“liberty’s a kind of thing that don’t agree with” 
non-unionists. It is reported that a strenuous cam- 
paign against free labour is to be opened immediately, 
the Western District Association having decided on a 
general show of cards during the week commencing 
June 12, and the Anthracite Association has resolved 
upon one week’s campaign (during the national 
Eistedfod week in August) to get all collieries into the 
Association. 





The local representatives of the 47 unions are in 
many cases doing their best to prolong the engineering 
deadlock. These local representatives are too often 
not merely ill-informed, but ill-disposed, being far 
more anxious to obstruct output than to improve the 
status of their members. Many seem still to hanker 
after a general strike, oblivious of the fact that there 
is no case on record of such a strike having proved 
successful. During the war, no doubt, both the en- 
gineers and the miners were able to hold a pistol to 
the nation’s throat and extort unreasonable and un- 
just concessions. Such extortions being inherently 
inequitable cannot, however, be maintained in normal 
times, and it would be a bad thing for humanity if 
they could. 





According to the Yorkshire Post the men in the 
engineering shops at Coventry are going back to work in 
steadily increasing num This is happening in 
spite of massed picketing at the various works, and 
vigorous efforts by cyclist corps and other devices to 
keep men out of the workshops. All the federated 
workshops are now working, though it is admitted 
there is still a scarcity of skilled men. At the Triumph 
motor-cycle works it was stated that 1,100 men are 
now employed, and the trade union officials admit that 
hundreds of men have gone in, but they are spoken 
of as importations from other districts. There are 
many complaints of interference by the pickets with 
men who have resumed work, and the local authorities 
and the police have again been in consultation with the 
trade unions upon the method of mass pickets ado 
by them. Similar reports come from Sheffield, where 
picketing has declined and some of the big works are 
without any pickets, and a few firms have all the 
operatives they require. 





In connection with what has been said above as to 
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the frequent “ in’ ce”’ of local leaders, it is 
of interest to note that the National Executive of the 
Amalgamated Engineering Union have removed from 
office 12 members of the Sheffield District Committee 
for refusal to carry out instructions. These 12 men 
have been strong advocates of the stupid and in- 
effective policy of withdrawing all members both in 
federated and non-federated works. At Preston on 
Thursday a mass meeting of members of the Amalga- 
mated Engineering Union carried a resolution that, 
in the event of the 47 unions balloting in favour of 
accepting the employers’ proposals, delegates to the 
York conference should be instructed to vote for the 
Amalgamated Engineering Union accepting the same 
terms. 

The Miners’ Wages Board for the Eastern Area, at 
a meeting at Derby on Tuesday, fixed the percentage 
addition to basis wages for June at 64-43, as against 
79-71 for May. Only one larger reduction has taken 

lace since the present arrangement came into force 
ast July. The actual loss to workers will range from 
9d. to 1s. 3d. per shift. 








THE LATE MR. LEWIS H. RANSOME. 


Many engineers will learn with regret of the death 
at a comparatively early age of Mr. Lewis H. Ransome, 
of Messrs. A. Ransome and Co., Limited, and Messrs. 
Ransome and Marles Bearing Co., Limited, of Newark. 
Mr. Lewis Ransome was born in 1862, and so was 
sixty years of age, but, meeting with a serious acci- 
dent some two years ago, having then been run over 
by a motor lorry, his health and strength had 
unfortunately suffered seriously of late. Although 
he made a pretty good recovery from the accident, 
he found it impossible to lead so active a life as formerly, 
and in September last had a nervous breakdown. 
Acting upon advice he went abroad, but returned 
from France about a month ago showing no improve- 
ment. His strength gradually failed and he died on 
Wednesday, May 24. 

Educated at Rugby, Mr. Lewis Ransome was an 
excellent athlete in his earlier days, having been success- 
ful as a gymnast and a light-weight boxer, while he 
also went in for Rugby football. He was an excellent 
shot. He served his apprenticeship at Messrs. A. 
Ransome and Co.’s works, and at Messrs. Ransome, 
Sims and Jeffries, Limited, of Ipswich. With the 
former company he had a connection extending over 
forty years, during which time he acted successively 
as works manager, general manager and director, 
latterly having been chairman of the company. He 
was also director of Messrs. Ransome and Marles 
Bearing Co., Limited. Mr. Lewis Ransome was an 
authority on timber and timber cutting. In, con- 
nection with the Colonial Exhibition of 1886 he fested 
and reported on all the colonial timbers sent in for 
exhibition. In the same year he visited the United 
States to investigate the methods in use in that country 
for breaking down timber, and as a result of his attention 
to this question became convinced of the possibilities 
of the band-saw for log sawing. Subsequent years 
have fully justified the faith which he placed in the 
band-saw type of machine, which has so largely con- 
tributed to Messrs. A. Ransome and Co.’s world-wide 
reputation. 

With his brother, Geoffrey Ransome, he visited 
Madagascar in 1888, and explored a large forest tract 
hitherto unvisited by any white, for the purpose of 
reporting on the timbers of the district. He was awarded 
a Manby Premium by the Institution of Civil En- 
gineers for a paper on ‘‘ Log-Sawing Machines ’’ read 
in 1886. In 1888 he was elected an Associate Member 
of the Institution, and in 1897 was transferred to the 
class of member. During the war he was a member 
of the Machine Tool Advisory Committee of the 
Ministry of Munitions, his advice being particularly 
valuable in connection with sawing and wood-working 
machinery. 








German [Ron AND Coat Prices.—The German 
ig-iron union, since April 1, has quoted 6,264 marks for 
ematite, 5,549 marks for foundry pig No. 1, 7,450 marks 

for ferro-silicon (10 per cent.), an increase of 1,110 marks 
to 2,205 marks per ton. Within the Ruhr area coal 
which cost 254°90 marks on July 1, 1921, has been quoted 
from April | at 800°20 marks per ton, and railway rates 
increase accordingly. Aniline dyes for the home market 
were put up 30 per cent. on March 1, and on April 1 
a further 40 per cent. to 50 per cent. 





Execrric Suprry in Sours-East LANcAsarRe.— 
The Electricity Commissioners intend to hold a local 
inquiry at the Town Hall, Manchester, on June 20 next 
and the following days, with reference to their proposals 
for constituting the South-East Lancashire Electricity 
district and establishing the South-East Lancashire 
Electricity Advisory Board. The area will include the 
county boroughs of Bolton, Bury, Manchester, Oldham, 
Rochdale, Salford, Stockport and Wigan, and also 
adjoining parts of Cheshire, Derbyshire and Yorkshire. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Notr.—In the diagrams the figures plotted for tin and copper are the official closing cash quota- 


tions of the London Metal Exchange for fine “ foreign” and “‘ standard’ metal respectively. The prices 
shown for lead are for English metal, whilst those for spelter are for American metal. Middlesbrough 
prices are plotted for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices 


given, in the case of steel plates are for ship, bridge and tank qualities, and those for steel rails are for 
heavy sections. The pig-iron prices are for the East Coast hematite and Cleveland iron, both of No. 1 
quality and for home consumption. The price of tin-plates is per box of I.C. cokes f.o.b. at 
Welsh ports, but in all other cases the prices are per ton. Each vertical line in the diagram represents 
a market-day, and the horizontal lines represent 11. each, except in the case of the diagram relating to 
tin-plates, where they represent 1s. each. 











Waces Repvuctions In SweprENn.—Recent readjust- 
ments of w in Sweden have resulted in material 
reductions, collective agreements having been arrived at 
with some 140,000 men. The average reduction is 
stated to be about 40 per cent. of the highest wages 
paid during the war period. 

Tue Danisn Lasour AGREEMENT.—After unneces- 
sarily protracted negotiations, with numerous inter- 





ruptions, the Danish labour dispute has at length been 
terminated. The last agreement of any importance 
was that between employers and agricultural labourers 
and unskilled workmen, who have given most trouble 
throughout. The basis wage in Denmark is now, on 
an average, a little above that of 1914, but the normal 
working hours remain at eight a day in industrial con- 
cerns and for artisans. The men have therefore been 
successful to this extent, after a long dispute. 
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THE RATE OF COMBINATION OF COPPER 
AND PHOSPHORUS AT VARIOUS TEM- 
PERATURES.* 


By Professor C. A. Epwarps, D.Sc., Member of Council, 
and A. J. Murpxy, M.8c., Student Member. (Both 
of the University College, Swansea.) 
Introduction.—In considering the reactions that may 

occur between a volatile element and a metal, the 

conditions governing their combination are controlled 
by the phase equilibria of the alloy series, and the 
general laws of chemical kinetics in heterogeneous 
systems. Each case must also be subject to additional 
factors arising from ial circumstances, e.g., mechanical 
dispersion. In studying the conditions under which 
the reactions proceed, it is in the first place most desirable 
to have a good knowledge of the temperature-concen- 
tration equilibrium diagram for the alloys of the two 
elements. When this is known it is possible to indicate 
the directions in which investigation is likely to yield 
the most useful information, particularly as regards 
velocity of reaction, composition and stability of pro- 
ducts. The object of the present research was primarily 
to determine the temperature at which rapid combination 
between copper and phosphorus commences, and to 
follow the effect of time on the progress of the reaction 
velocity. From observations on the rate of penetration 
of solid copper by phosphorus in the form of vapour at 
atmospheric pressure, it was hoped that information 
bearing on the nature of the reactions would be obtained, 
particularly with regard to the process of diffusion. 

The alloys of copper and phosphorus have been the 

subject of comparatively little scientific investigation, 

metallurgical researches having been mainly confined to 

a study of the effects of small quantities of phosphorus 

in alloys of commercial importance. 

Experimental Investigation.—Some preliminary experi- 
ments were conducted to obtain an approximate idea 
of the rate at which oes in a compact form, such as 
a rod, is attacked by phosphorus vapour at relatively 
low temperatures. Small pieces, 4 in. long of } in. 
square section electrolytic copper rod, were suspended 
by platinum wire in a flask containing red phosphorus. 
A stream of carbon dioxide dried by calcium chloride and 
sulphuric acid, and purified from oxygen by copper 
gauze heated in a combustion tube, could be passed 
through the apparatus. A condenser kept hot by 
water at 70 deg. C. prevented the exit tube becoming 

hoked b blimed yellow phosphorus. A mercury 
and water seal prevented entrance of air to the apparatus 
or escape of phosphorus into the air. The flask was 
heated by a bath of heavy oil or molten tin, and the 
temperature measured by a thermometer in an iron 
sheath. 

Red phosphorus is vapourised, and simultaneously 
converted into yellow phosphorus at 280 deg. to 290 
deg. C. On raising the temperature of the flask con- 

ining the phosphorus, after sweeping out air by a 
current of carbon dioxide, a y film was seen to spread 
rapidly over the copper at about 230 deg. C. Although 
the flask was maintained at 280 deg. to 290 deg. C. for 
12 hours, the attack was seen to be not more than super- 
ficial. The specimen mounted in a fusible alloy to 
protect the coating, sectioned and polished, showed 
under the microscope a sharp separation between the 
coating of phosphide and the unch copper. Etching 
with ammonia and oy oe peroxide showed no pene- 
tration of phosphide into the copper beyond the coating. 

The rate of yp mae yee of copper filings at this 
temperature (290 deg. C.) was observed 7 ee 
the copper rod by filings placed in a glass thimble sus- 
pended in the same position. The greater surface 
exposed by the filings gave much more rapid attack, 
and a sample of the whole mass taken after 10 hours 
gave an analysis of 10-54 per cent. of phosphorus. 
A visual examination of the material after this treatment 
made it evident that it still contained some ie 
copper. These preliminary experiments showed that 
while superficial attack of the copper by phosphorus 
vapour below 300 deg. C. is rapid, the rate of penetration 
is very slow. In order to extend the investigation to 





higher temperatures—up to 1,000 deg. C. if necessary— 
a different —a was adopted, which consisted 
of a silica tube electrical resistance furnace. The ends 


of the tube were fitted with rubber stoppers into which 
were inserted glass tubes, provided for the ——— of 
passing the inert gas through the furnace. Through 
one of these stoppers was also fitted a long silica sheath 
which served as a protection for a thermocouple, the 
sealed end of this sheath was in the centre of the heated 
zone and in contact with the copper at the beginning 
of ae experiment. . 

method of carrying out a ph orisation at any 
required temperature was as felineee’ A porcelain boat 
filled with phosphorus was pushed so as to be in the 
heated portion of the tube. In a second boat, or sup- 
ported on a strip of asbestos paper, the weighed specimen 
of copper rod was placed so as to be as nearly as possible 
in the centre of the furnace. The rubber stoppers were 
then —, the thermocouple sheath adjusted so that 
the end was in contact with the copper cylinder, and a 
stream of nitrogen passed from the gasholder through 
alkaline solution of p ic acid to remove oxygen, 
calcium chloride and sulphuric acid for drying, into the 
furnace. After leaving the furnace the nitrogen bubbled 
through sulphuric acid, and as a final precaution against 
escape of gps cig repos into as air, through a 
solution of copper sulphate. Having swept all air 
out of the furnace, the stream of nitrogen was cut down 
to one bubble every 2 minutes, i.e., almost stopped. 
The current was then switched on and regulated by 





* Abstract of paper read before the Institute of Metals, 
on Thursday, March 9. 





means of an external resistance. The temperature of 
the copper specimen was registered by means of a thermo- 
couple connected up to a a thread recording 
P’ eter, readings to within + 2 deg. C. were thus 
TDtained. 2 


The current was adjusted to about 2-5 amperes to 
3-5 amperes, according to the temperature required, 
the rate of heating — about 10 deg. to 16 deg. C. per 
minute. As the desi temperature was approached, 
the current was reduced to an ampe which was just 
sufficient to keep the temperature of the furnace constant. 
After the specified time at the temperature had elapsed, 
the current was switched off and a slow stream of nitrogen 
passed through the furnace in order to keep the internal 
pressure approximately constant as cooling proceeded. 

The specimen of copper was in each experiment turned 
to a standard size—4 in. length of a 4 in. diameter rod, 
each piece weighing about 15 grammes. The ends and 
curved surface of the cylinder were polished smooth. 
Approximately 15 grammes of red phosphorus were 
char, into the other boat. 

en the furnace had cooled down to room thmpera- 
ture the rubber stopper was removed from one end, and 
the boat carrying the copper specimen withdrawn from 
the furnace. During this operation there was a fairl 
vigorous combustion of the white 
had sublimed on the cooler parts of the furnace. The 
om was quickly repl , the other end opened, 
and the phosphorus boat withdrawn and examined 
for any irregularities which might have caused a de- 
ficiency in the supply of phosphorus vapour. The chief 
point in this connection was to see that there was still 
some solid phosphorus remaining in the boat. After a 
little experience the apparatus was found to give satis- 
factorily consistent results. 

It will thus be seen that the method of phosphorization 
was similar to that used by Schrétter. The most 
important difference was that while in the present 
arrangement the phosphorus was vaporised in the same 
furnace and in close proximity to the copper, Schrétter 
caused the phosphorus vapour to be carried along by 
@ stream of inert gas. The method differed also from 
that of Demmler, who did not admit phosphorus vapour 
to the copper until the latter had attained a temperature 
of 400 deg. C. In the present experiments the copper 
and phosphorus were heated up at the same rate, in 
this way ensuring that the two reactants and the product 
were at any rate approximately at equilibrium at each 
SS 

The copper cylinder after phosphorisation was seen 
to be completely d by a compact layer of grey 
phosphide, generally with a dull smooth surface and 
rounded corners. In some cases it was found that the 
—_— had developed on the outer surface well- 

efined crystals, which took the form of small plates 
about 0-5 mm. to 1 mm. across the face, with a bright 
lustre. The expansion which took place during treat- 
ment was quite appreciable, the diameter of the final 
cylinders being about 1-7 cm. to 1-8 cm., as compared 
with an original diameter of approximately 1-3 cm. 
A small depression in the end of the cylinder showed where 
the thermocouple sheath had been in contact with the 
specimen. The treated specimens appeared to be free 
from any considerable amount of elementary phosphorus. 
In some cases the finished specimens were weighed, 
but accidental chipping of the coating often occurred 
during extraction from the boat, and this lead to un- 
reliable results being obtained for the i in weight. 

The amount of copper converted into phosphide was 
estimated from the weight of the core of unchanged 
metal. Fortunately, this was possible owing to the ee 
division between the changed and unchanged material, 
and the comparative ease with which the coating could 
be removed. A sharp tap caused a fracture in the 
brittle layer of phosphide, which then could be detached, 
re ing a kernel of unchanged copper. 

The copper core was in the shape of a cylinder con- 
centric with the original specimens, with a slightly 
pitted surface and rounded corners. Any small particles 
“ hosphide still adhering to the core were removed 


hosphorus, whic 








y light ing and brushing with a stiff brush. The 
onal rhe: ~y cleaned was weighed, and subtraction 
of this weight from that of the original cylinder gave 
the mass of copper converted. On breaking specimens 
which had been treated at a temperature at which the 
liquid phase could make its appearance, i.e., above the 
eutectic temperature 707 deg. C., a hollow space was 
observed between the coating and the core. This was 
characteristic of specimens phosphorized above 707 
deg. C., and was noticed even 3 deg. C. above the 
eutectic temperature. A similar effect was mentioned 
by Demmler. Above about 730 deg. C. the sp 


the phosphorus content of the film is raised from 6 to b’ 
per cent. In this case a solid shell is formed around 
the specimen while the inside still contains liquid, 
which by its slight flow away from the shell causes a 
hollow space in final sample. 

E ents were conducted in the manner described 
above at temperatures between 400 deg. and 730 deg. C., 
and for intervals of time of 15 minutes, 30 minutes and 
l hour. A few isolated experiments at higher tempera- 
tures and for different periods were also made, but they 
do not fall in the series to be considered, in the course 
of which some 50 specimens were treated. 

The results obtained are recorded in Table I. 


TasiE I.—Penetration of Cypper Cylinder by Phosphorus 
our. 











inl 
Copper 

Tem- | Weight of | Weight of | Copper | Converted, 

No pera- Copper Copper | Converted.) Corrected 
ture. Cylinder. Core. for Area. 

deg. C. | grammes. | grammes. | grammes. | grammes 
42 400 14-987 14-138 0-85 0-85 
30 500 14-874 13-713 1°16 1-167 
43 560 15-443 12-669 2-77 2-716 
23 695 13-154 9-449 3-72 4-056 
32 623 12-795 7-659 6-14 5-706 
34 635 14-191 7-044 7°15 7°42 
37 642 14-939 7-549 7°39 7-41 
26 653 12-836 3-434 9-40 10-40 
13 685 18-242 2°75 10-49 11-40 
25 695 12-727 1-78 10-95 12-20 
19 702 13-078 2-04 11-04 12-09 
ll 720 14-80 _- — -- 

Penetration in 30 Minutes. 
49 560 15-785 18-634 2-15 _ 
47 640 15-204 9-842 5°36 4-96 
24 695 14-954 5-314 9-64 9-67 
41 720 15-598 _ - _ 
Penetration in 15 Minutes. 

48 560 14-760 13-35 1-41 1-425 
40 642 15-587 11-984 3-60 3-50 
22 687 14-227 7-767 6-46 6-69 
21 710 18-253 5-476 7:79 8-46 
20 726 13-041 1-7 11-30 12-40 














Reaction Velocity Determi 
of Results.—-Though it will be at a later stage 
to consider in detail the question of the composition 
of the phosphide which is produced, it may be useful 
to indicate even now that the variations in this con- 
nection were practically negligible in the case of the 
above experiments. 

From Table I it will be observed that there is a con- 
tinual increase in the amount of penetration in a given 
time with increase of temperature, the rate of reaction 
being measured in terms of the weight of copper con- 
verted into copper phosphide in the specified time at 
each temperature. At 400 deg. C. in 1 hour only 0-85 
gramme of copper was converted; at 702 deg. C. for 
the same time 11-04 grammes; and at 720 deg. C. 
(13 deg. C. above the melting-point of the eutectic) 
the whole of the was converted into phosphide. 
Observations for halt. our periods between 560 deg. and 
720 deg. C. reveal a similar increase in the rate of reaction 
as the temperature was raised, and the same features 
are evident for experiments that were conducted for a 
quarter of an hour, but of course the amount of material 
converted was less for the shorter periods at any given 





tem ture. 
Plotting these data in the manner shown = 2, 
A, B C, with the weight of copper con as 


abscisse, and temperature as ordinates, brings out the 
distinctive characters of the results for the three different 
periods of time. For the ne om of comparison all 
three curves are assembled in Fig. 2. 

Curve C, for 1 hour, shows that up to 400 deg. C. 
the rate of reaction must be slow, though it no doubt 
increases ually as the temperature rises. At about 
450 deg. C. this increase becomes more marked, and in 
the neighbourhood of 640 deg. C. the rate of increase 
appears to reach a maximum. From that temperature 
upwards there is a retardation in the rate of combination, 
of attack, until the eutectic temperature of 707 deg. C. 
is reached, when combination rapidly increases again. 
In 15 minutes (curve A) the penetration increases almost 
regularly with the temperature up to the ee 
of the eutectic. The series of experiments for 30-minute 
periods (curve B) gives a curve which lies between A 
and C, with a slight indication of a tendency to approach 
the form of the latter. In other words, the rate of 





lost its original cylindrical shape, being reduced to a 
large bead, showing that the entire mass had been 
molten if only for a short time. This is exactly what 
could be expected from a study of the Se 
i Fig. 1. At a temperature A, a considerable 
distance above the eutectic melting temperature, the 
superficial coating would at some stage co’ ond in 
composition to a point represented by a, would 
therefore liquefy. The presence of this liquid layer 
would facilitate the attack of the ——— by conveying 
phosphorus to its surface. Phosphorization in this 
manner evidently proceeds so rapi as to prevent the 
outer surfaces of the specimen from solidifying, as would 
be the case if they reached a phosphorus content corre- 
nding to a’, Fig. 1. Another possible way of ex- 
Plaining this complete liquefaction is to suppose that 
as the liquid on the surface of the specimen is formed 
- phosphorization to the extent of a, Fig. 1, it runs 
and thus exposes new surfaces of copper for further 
attack. 
At temperatures a little above the melting-point 
of the eutectic, such, for example, as B, Fig. 1, the 
liquid range or interval is small, only persisting while 





falls off slightly above 650 deg. C., but again 
increases very rapidly as 707 deg. C. is passed. 
While the original mass of copper rod was in each case 
proximately 15 grammes in weight, an examination 
of the third column in Table I will reveal some irregu- 
larities ; these were due to slight differences in the lengths 
of the specimens that were cut from the main rod. 
Since the surface of metal exposed to the action of the 
vapour would obviously be one factor in determining 
the rate of reaction, it was desirable to correct the 
observed for penetration to a standard-sized 
imen with a definite surface area. The standard 
size selected was that of the 15-gramme specimen. The 
factor employed to correct the value on this principle 
was bi on the assumption that the reaction velocity 
was directly proportional to the surface area of metal 
exposed. Without entering at this juncture into a 
discussion of the application of the general reaction 
equation for heterogeneous systems to processes like 
the case investigated, it may be stated that this assump- 
tion of proportionality between surface area and rate of 
reaction is supported by those general relations for 
analogous systems. 
The factor by which the observed weight W of copper 
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phosphorized is converted to standard surface area of 
P is obtained by a simple calculation as follows :— 
Area of cylinder, A = 2772 +2arL 
= 2arr(L +r). 





Volume, V =2rreL 
Hence length of cylinder L = = 
and if W = weight of cylinder, and 8 = specific gravity 
So eae 
8 x rt 
Ww 
-Am2arr (es +r). 


The only difference in dimensions from the standard 
specimen was in L, since all were cut from the same 
}-in. rod. Therefore :— 


Surface area standard 15 gramme cylinder _ 
Surface area of W gramme cylinder 
( 16 
2 
** (ssa +") 


Ww 








15 +8 








2ar/( +r) ~ W+8are 
8 wre 
r = 0°8350cm.; 8S = 8:92. Hence the constant 
Sard = 7-176. 
.*, corrected value w= (5-5) w= _ 22°18 Ww. 
W +7°18 W +7°'18 


The values for W’ obtained in this manner are given 
in Table I, column six. 

On plotting these values in the same way as those 
in Fig. 2, the curves shown in Fig. 3 are obtained. The 
type of curve is not altered, but curves A and C are 
flattened to a certain extent. In particular, the re- 
tardation in C above 640 deg, C., while still clearly 
marked, is seen to be not so pronounced in the corrected 
values, 

The characteristic features of the curves in Fig. 3 are 
more clearly emphasised by plotting the differentials :— 
d (penetration) 

d (time) 

against temperature (see Fig. 4). The maximum in- 
crease in the rate of combination per unit elevation of 
temperature is shown by the peaks in the differential 
curves of Fig. 4. For 15 minutes the maximum for solid 
specimens is just below the melting-point of the eutectic, 
for 30 minutes it lies between 660 deg. and 680 deg. C., 
and for 1 hour it is at about 640 deg. C. 

In order to illustrate graphically another aspect of the 
data obtained, time-penetration curves were constructed 
for a number of temperatures, by plotti weight of 
copper converted into phosphide against the time for 
which the phosphorization was conducted at the tempera- 
ture. These curves, using the corrected values, are given 
in Fig. 5. 

In this case the relative retardation in the rate at which 
the two elements combine for the experiments of an hour’s 
duration is clearly shown for 670 deg. and 700 deg. C. 
by the tendency of the curves to turn over, after the 
first 15 minutes to 20 minutes, towards the time axis. 
At temperatures above the melting-point of the eutectic 
the rate of combination is very rapid the curve becoming 
much more horizontal. 

Effect of Depth of Penetration on the Rate of Reaction.— 
The form of the curves in Figs. 2 and 3 is of some interest. 
The retardation so marked in C, less pronounced in B, 
and not noticeable in A, is probably due to the effect 
of the thickness of the phosphide coating. In 15 minutes 
the coating of phosphorized material is at no temperature 
sufficiently thick to begin to exert an appreciable pro- 
tective action on the unchanged copper beneath. After 
30 minutes such a protective effect is just noticeable 
when the temperature is high enough to give fairly rapid 
action, Phosphorization for an hour, at temperatures 
above 640 deg. to 650 deg. C., gives a coating which is 
thick enough to have an appreciable retarding influence 
on the rate of penetration. This explanation is in agree- 
ment with the observation that the inflection 


with respect to the maximum-sized pieces of metal and 
temperature of phosphorization. 

Demmler gives very little information on these points. 
He makes the statement that 400 deg. C. was f to be 
the “most satisfactory” temperature. It is not clear 
from what point of view that temperature is ed as 
most satisfactory, but at any rate from a consideration 
of the rapidity of reaction at various temperatures, as 
indicated by the present authors’ experiments, there 
seems to be no reason for assigning any advantage to the 
use of 400 deg. C. as the working temperature. Figs. 
2 and 3 show that the maximum i in react or 
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on both the hour and half-hour curves at a point where 
the weight of copper phosphorized is approximately the 
same, and therefore the thickness of the coating about 
the same, 

An idea of the depth to which the copper has been 
attacked when the retardation begins may be gathered 
from the data obtained. The inflection in curve C 
becomes marked when 10 grammes of the copper has 
been converted, in a specimen weighing 15 grammes. 
A short calculation shows that this corresponds to a 
depth of penetration of about 0:2 cm. The further 
consideration of the observations in this light is reserved 
to the section on ‘‘ Mechanism of Reaction.” 

While the figures for actual weights of copper con- 
verted after definite times and at definite temperatures 
are certainly characteristic of, and peculiar to, the special 
conditions of working, such es surface area and mass 
of specimen em aged, it is probable that the depth of 
penetration, and corresponding thickness of phosphide 
shell, is of wider significance. The limit at which this 
shell begins to have an appreciable protective action 
on the unchanged copper may very probably be of the 
same order for all sizes and shapes of copper specimens. 
If this is the case, determinations on the lines of the 
preceding work will be of importance in manufacturing 
processes for phosphor copper, which depend upon the 
combination of solid copper and phosphorus vapour. 
Knowing the thickness Or the shell at which the re- 
tardation in the rate of increase of penetration commences 
it will be possible, from a consideration of the time- 
penetration and temperature-penetration curves, to 
specify the most economical conditions of working 
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a given increase in temperature is at 640 deg. C. It is 
also stated in Demmler’s paper that ‘‘ pieces of copper 
wire up to a } in. diameter are completely phosphorized 
by this method,” but no reference is made to the time 
necessary for such complete phosphorization to take 
place. The only reference to the time factor is the 
statement ‘‘ that using red phosphorus instead of yellow 
the rate of phosphorization is slower owing to the slower 
rate of volatilisation.”” It is probable that at 400 deg. C., 
more than 100 deg. C. above the conversion point red 
-> yellow phosphorus, the supply of phosphorus vapour 
will be ample to keep pace with the absorption by the 
copper. 

Mechanism of the Reaction.—Since the reaction under 
consideration takes place between phosphorus vapour 
and solid copper, it would be expected to possess the 
characteristics of reactions occurring in heterogeneous 
systems. In particular, it is evident there exists a 
certain analogy between the above process of phosphoriza- 
tion of copper and the thoroughly investigated disso- 
lution of solids into liquids, and this anal is demon- 
strated by the manner in which the reaction velocity 
falls off with time. 

Whether chemical action occurs or not in the disso- 








lution of a solid in a liquid (e.g., marble in hydrochloric 
acid, or benzoic acid in water), diffusion is found to be an 
important factor. After the solid has been rotated in 
contact with the liquid for a short time it becomes 
surrounded by a layer of saturated solution, However 
rapid chemical action would occur at the liquid-solid 
phase boundary in the absence of this saturated layer, 
the observed rate of dissolution is entirely governed by 
the rate at which solute diffuses from the saturated layer 
into the surrounding solvent. This diffusion process is 
almost always slow in comparison with the rate of actual 


dissolution. Ficks’ expression for the rate of diffusion 
Fig. 5. 
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in such a case is therefore fundamental of importance 
in heterogeneous reactions, namely, 


dy_p¥y 
at al 


where y = concentration of the diffusing substance, 
t = time, 1 = distance, D = diffusion coefficient —i.e., 
the quantity of substance passing in unit time through 
unit sectional area from one layer to the next, the con- 
centration gradient o being unity. a thus measures 
with suitable data the rate at which the solvent arrives 
at the phase boundary. 


For solids dissolving in liquids the formula 


dz 
dt 


K (S — 2) has been found to hold, where § = concentra- 
tion of solute in the saturated layer, and « = concentra- 
tion of solute in the bulk of the solution at the time ¢. 
Integrated— ” 

1 . 

— lo = K 

t . S-«z 

The expression becomes similar in form to that for a 

mono-molecular chemical reaction, pen gt because the 
total apparent dissolution is determined by a diffusion 
process; the order ot such a heterogeneous reaction 
cannot be determined. In such reactions it was found 
that with constant speed of rotation of the solid the 
saturation layer was of constant thickness, and the 
following relation was established : 


oD 
kK @ .-—, 
Vé 
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Where O = outer surface area of the layer in contact 
with a solution of volume V ; 
6 = the thickness of the layer ; 
and D = the diffusion constant of the diffusing sub- 
stance, i.e. 
dz 
dt 

The case of phosphorus vapour with copper is similar, 
in that a layer of saturated material forms round the 
copper, and that the diffusion velocity of phosphorus 
through the coating determines the ultimate velocity 
of reaction, Whether the phosphorus diffuses directly, 
or is handed on by the phosphide acting as a carrier 
through the alternate formation and decomposition of a 
higher phosphide, is not certain. This is considered in 
the light of analytical results later, but it may be noted 
here that the phosphorus content remains virtually 
constant Mewsil omany so long as any unchanged copper 
remains. 

The analogy between the two processes is not complete, 
because the copper does not find its way into the bulk 
of the phosphorus vapour, and also because the layer 
of phosphide increases in thickness as the action pro- 
ceeds. Moreover, it may not be permissible to assume 
that the effective surface area of copper remains constant ; 
it decreases as the depth of penetration increases. 

As a matter of interest an attempt was made to deduce 
a simple relationship between velocity of reaction and 
thickness of layer based on these facts. 

For the same temperature the coefficient of diffusion D, 
of phosphorus through the phosphide, should be constant, 
and for the thin layers of phosphide it may be assumed 
that the amount of phosphorus diffusing to the copper 
core is inversely proportional to the thickness of the 
coating. The thickness of coating will be directly pro- 
acme to the depth of copper converted, the difference 

eing due to the difference in specific gravity of the 
phosphide layer. As the penetration increases, the 
surface of copper exposed to action decreases, and there- 
= = Kr was suggested, where 
P= grammes of copper converted into phosphide, 
A = area of copper core, and T = thickness of copper 
converted at any time t. The measured values of P 
on a 15-gramme piece were known, and hence T, the 
depth of penetration, could be calculated, assuming the 
penetration to be uniform from each surface, and taking 
the specific gravity of copper as 8-92. 


A few calculations of K from the relation 


_ OD ce 
= 7 8 x), 


fore the expression 


xa SP 7 

dt A 
gave the results which are recorded in Table II. While 
it cannot be claimed that the data are sufficiently accurate 
to be used as a rigid test of such an expression, it is 
interesting to note that the values of K give fair constancy 
for 600 deg. and 640 deg. C. For 10 minutes and 30 
minutes at 700 deg. the agreement is good, but the hour 
value of K is much too small. It is noticeable that K 
falls off with time at each temperature to a certain extent, 
which would seem to indicate that another factor ought 
to be included in the simple expression given for K. 
Until experimental conditions can be more accurately 
standardised, further deductions cannot profitably be 
drawn from the results obtained. If such standardisa- 
tion could be achieved it would be possible to investigate 
several interesti points—for instance, whether the 
expression for K should contain a factor depending upon 
the surface area of the copper core, or whether the 
effective area should be regarded as constant, and the 
expression resolve itself into a simple function of the 
diffusion from the outside (practically constant) surface 
of the specimen inwards. 


TaBe II.—Reaction Constant for Phosphorus Vapour and 


on plotting Hayward’s results is very similar to the curve 
— the present authors obtain for copper and phos- 
phorus, 

Composition of the Phosphide Coating.—Unfortunately 
the results of previous workers—Heyn and Bauer, and 
Demmler—on the composition of the phosphide of 
copper in equilibrium with phosphorus at various 
temperatures are not comparable, as the respective 
conditions under which they worked differed in some 
important points. Thus Heyn and Bauer converted all 
their copper to phosphide at each temperature, and at the 
end of the action there was no unch copper in 
contact with the final material which they analysed. 
Their riments are discussed in the section on the 
sublimation of phosphorus from phosphorus-rich alloys. 

Demmler conducted the ph orization in a manner 
which was in many respects similar to that of the present 
authors, but there is a certain ambiguity in the statement 
of his results. For example, ‘‘ An average sample of the 
remelted product gave an analysis of 15-11 per cent. 
of phosphorus,” and, “‘ Pieces taken at random from the 
several heats showed a very uniform phosphorus content 
of 14-9 per cent. to 15-1 per cent.” It is not clear 
whether the latter samples had been melted or not. 

The analyses of coatings from the present experiments 
were taken from time to time, and the constancy which 
Demmler notes was observed. In view of Heyn and 
Bauer’s results it was at first expected that the coating 
on the specimens phosphorized at low temperatures, e.g., 
400 deg. C., would have a considerably higher phosphorus 
content than those which were treated at, say, 700 deg. C. 
As a matter of fact, this was not the case, the variations 
were remarkably small. Typical analyses are :— 


Coating formed at— Per Cent. Phosphorus. 
400 deg. C. 15-00 to 15°11 
550 deg. C. 14-95 to 15-30 
575 deg. C. 15:07 
702 deg. C. 15-30 


In order to detect any perceptible difference in the 
composition of the phosphide from the outer to the inner 
edge of the coating, two sets of analyses were made, 
one from the outer portion of a thick shell produced at 
700 deg. C., the other from the inner fraction of the same. 
The average results were :— 

Per Cent. Phosphorus. 
Inside son ove ove 15-11 
Outside 15°39 


The variation is so small that it scarcely justifies the 
conclusion that there is a real diminution in the phos- 
phorus content from the outer surface to the centre. 

Among the miscellaneous experiments that were made 
was one in which the furnace was taken rapidly up to 
880 deg. C. and then immediately allowed to cool. The 
resulting specimen had evidently been reduced to liquid, 
and had partly flowed into the boat, forming a large 
on solidification. The upper half of the specimen had 
given a shell which retained its shape and compact 
surface, and had not been liquid at any rate more than 
momentarily. The long cake was covered with well- 
formed grey-black crystalline plates, edge upwards, with 
a metallic lustre, attaining a maximum size of about 
1-5 mm. across. Analysis gave 15-90 per cent. phos- 
phorus. This marks an — to the composition 
corresponding with CusP, which would have 16-34 per 
cent. of phosphorus. It is possible that on the extreme 
outer ed; of the coating a higher phosphide than Cus;P 
is formed—CusP2 is the most likely formula—and it is 
by means of this compound that the phosphorus is 
transmitted from the gaseous space into the main coating. 
Heyn and Bauer held the opinion that CusP2 was present. 
on the outer surface of a piece of wire which had been 
phosphorized over a Bunsen burner. 


The lower —__ CuzP has 14-1 per cent. of phos- 





























Copper. phorus, whilst CugsP2 has 16-34 per cent., and, as 
D ler points out, 15°2, which is the figure at which the 
T phosphorus content of the coating seems constant, 
oma-| Timo | Pene- ar corresponds to a mixture of these two compounds in 
pera- in tration T in A in at eauel proportions 
ture. | Minutes. in Cms. Cm.2 | Gramme K. q P ae a , . _ th 
Grms. Min As in the rate of penetration so in reg to the com- 
od . position of the coating, Hayward obtained very similar 
results in the case of werk ot and sulphur. At the 
deg. C. temperature of molten sulphur the shell contained a 
f 10 1-49 0-023 | 7-447 | 0-120 |0-000371 | copper content as follows :— 
ri 3 | Ea | Sa See | Sast seet >. 
(| 15 | 3-46 | 0-053} 6-603 | 0-20 |0-00160 Fp 5 
640, 30 5-40 | 0-080 | 6-013 | 0-111 |0-00147 — - 
\| 60 7-42 | 0-182 | 4-985 | 0-04 |0-00107 15 minutes Ue 
eng f{| 20 6-25 0-106 | 5-507 | 0-40 |0-00770 20 minutes 77°36 
700 ; 30 10-30 0-203 | 3-68 0-133 |0-00730 1 hour 77°12 
12-20 | 0-267 | 2-691 | 0-033 |0-00327 2 hours ... 17-24 
3 hours ... 77-14 
Temperature coefficient of 4 hours ... 77-16 


K from above data, 
average :— 

Per 10 deg. C. at 600, 1-44. 

Per 10 deg. C. at 640, 1-49. 


_In view of the very few references to experiments 
similar to those described in this paper, in which the rate 
of penetration of a metal by another element in a gaseous 
condition is measured, the following experiments of 
C. R. Hayward on the effect of boiling sulphur on copper 
are of interest. Copper rods $ of an inch diameter and 
# in. long were placed separately in iron crucibles con- 
taining sulphur, which was kept boiling for periods 
varying from 5 minutes to 5 hours. At the end of the 
treatment the specimen was removed and the adhering 
sulphur allowed to burn off. The specimen was then 
weighed, after which it was broken open and the copper 
core was weighed. The core dropped out when the 
cpockanan was broken, and the surface was clean. In 
the specimens where no copper remained there was a 
nonew space in ae of the shell. The treated 
pecimens were in cases r than the origi 
and the edges were rounded oft I veins 


The diagram obtained 





Average, 77-38 per cent. 


Several of the specimens under the microscope revealed 
traces of CuS near the of the specimen, which 
Hayward considers to indicate that this compound acts 
as a carrier of sulphur from the bath to the metal. 

The Conditions of Equilibria of Alloys containing more 
than 15 per cent. of Phosphorus.—It has been shown by 
previous investigators that under favourable conditions 
copper will absorb or combine with considerably more 
than 15 per cent. of phosphorus. Thus when phosphori- 
zation was allowed to proceed freely at a low temperature 
for a long time, Heyn and Bauer obtained a porous black 
mass which contained over 30 per cent. of phosphorus. 
They also found that when such an alloy was subse- 
quently heated to a higher temperature than that at 
which it was prepared, the phosphorus content decreased 
to an extent which depended upon the temperature. 
Thus, for example, heating the above-mentioned black 
mass in an atmosphere of carbon dioxide to 300 deg. to 
400 deg. C., the phosphorus content fell to 27-41 per 
cent. After heating to 700 deg. C. the percentage 





ens agra was 22-72, and lower still after heating to 
igher temperatures, By heating a 25:1 per cent. 
phosphorus alloy for 2 hours at various temperatures 
they obtained the following results :— 


Heating to— Per Cent. Phosphorus. 

800 deg. C.... ind a 14-8 

900 deg. C. nt 14-2 
1,000 deg. C. 14-2 
1,100 deg. C. al 14-1 


Heyn and Bauer concluded that for each temperature 
there is a certain state of equilibrium which corresponds 
with a certain maximum percentage of phosphorus. 
They also say that “ by prota: Sous melting in the above 
manner one could not generally prepare an alloy con- 
taining more phosphorus than Cu;P (14-1 per cent.).” 
Rapid heating and fusion may retain an amount of 
phosphorus in excess of the equilibrium. percentage, 
the highest these authors were able to obtain was 15:25 
per cent. “The value of the phosphorus content 
obtained depends on the velocity of heating, the tempera- 
ture and the time for which heating is continued, and 
the velocity of cooling to the solidification point.” 

In the absence of sufficient experimental data on the 
cop eg eee alloys, Heyn and Bauer discuss an 
analogous othetical system. This is shown in 
Fig. 6, from which it will be seen that it is assumed the 
two elements A and R form two compounds, V, and V2, 
which give a complete homogeneous series of solid 
solutions +. 

Vi boils without decomposition at G, while V2 does 
not boil without decomposition. 

It is not proposed to go into a detailed description 
of this diagram, but merely to draw attention to the 
line C H, for the experimental data clearly demonstrates 
the existence of a corresponding line in the copper- 
phosphorus diagram. 

The experiments of Heyn and Bauer gave little or 
no information for determining the course of this line, 
especially for the lower ranges of temperature. 

ith this in view, it was thought desirable to determine 
experimentally the change in composition of a‘ rich 
phosphor-copper alloy on heating to progressively in- 
creasing temperatures. 

Accordingly, a rich alloy was prepared by ‘phos- 
phorizing 15 grammes of copper turnings in a boat 
placed in the furnace that was used for the experiments 
on reaction velocity. Red Hees ape carried in a boat, 
as before, was vaporised, and the temperature recorded 
automatically by a thermocouple protected by a sheath, 
the end of which was in contact with the turnings. 
The whole furnace was filled with dry carbon dioxide, 
and was maintained at 400 deg. C. for 44 hours to ensure 
complete saturation of the copper. © product was 
a black mass containing a certain amount of free sub- 
limed yellow phosphorus. This phosphorus was removed 
by powdering, heating to 100 deg. C. for half an hour 
in an air oven, washing with carbon disulphide and 
alcohol, and drying again at 100 deg. C. An analysis 
of the resulting alloy gave 25-54 per cent. to 26-19 per 
cent. of phosphorus. 

After removing all free phosphorus from the tube of 
the furnace, this rich alloy was heated to 500 deg. C. 
in carbon dioxide for 2 hours. A stream of carbon 
dioxide was passed through the ry myer every 15 
minutes. After cooling in carbon dioxide the Nc appar 
of the alloy was unchanged, but a sample washed and 
dried as before had only 21-27 per cent. to 22-36 per 
cent. of phosphorus. 

Similar treatment was given for 2 hours at 600 deg. 
and 700 deg, C. There was not a considerable change in 
the appearance of the product until a temperature of 
700 deg. C. had been attained, when the black colour 


ch to light grey. The analyses gave the following 
results :— 
Per Cent. Phosphorus. 
600 deg. C. 1706 
700 deg. C. 14-7 to 14-98 


At a temperature of 290 deg. C., using yellow phos- 
phorus instead of the red variety, in the hope of facili- 
tating the rate of combination between the two elements, 


the authors obtained a product containing 30 - 9 per cent. 
< pemneres. The above results are plotted in Fig. 7 
and the corresponding data obtained by Heyn and Bauer 


are also given in the same ns age 

It is not at present possi to state exactly the 
particular phosphide of copper which is responsible for 
the very high percentage phosphorus alloys that have 
been prepared, but it would certainly seem to be one 
in which there is not less than one atom of phosphorus 
to one of copper, namely CuP. For example, this com- 
pound would contain 32-85 A cent. of phosphorus, 
whilst CusP2 would have only 24-59 per cent., and 
CugP 19-62 per cent. Therefore, with alloys cmeaing 
well above 25 per cent. of phosphorus, the com 
ee must contain more phosphorus than CusP2. 

ence if the compound which corresponds to Vg, Fig. 6, 
is CuP, the point H can be loca approximately b 
extrapolation of the portion of C H, already determined. 
In this way the ordinate of H is found to be approxi- 
mately 260 deg. C.—4.c., the compound CuP would begin 
to decompose at that temperature on heating in an inert 
atmosphere. The existence of such a compound cannot 
be regarded as more than a possibility, however, until 
more extensive low temperature experiments have been 
made. Moreover, it is ne , in order to determine 
the true position of the line C H, to roach the dis- 
sociation equilibrium from the other side. This would 
require the progressive phosphorization at lower tem- 
peratures for the alloys ay) iy ! low in phosphorus 
corresponding to points on CH, but near to C. This 
merely means that the course of the line C H should be 
determined by phosphorizations at the various tempera- 
tures, as well as by dephosphorizing the alloys. 

With regard to the possibility of the existence of 
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phosphides lying between Cu;P and CuP, little or nothing 
Hefirrite can be suid at present. If, however, we accept the 
dissociation curve C X H, Fig. 7, as being virtually 
correct, the straight section from X to H might be 
regarded as evidence that no compound exists between 
those limits. But at a point close to X there is a decided 
break in the curve, and it is quite possible that this may 
be due to the existence of a compound of approximately 
X composition. If this were the case, the most likely 
compound would be CusP2. It will be remembered that 
Granger asserts that there is such a compound of copper 
and phosphorus, which is perfectly distinct both in its 
physical and chemical properties from alloys more or less 
Prag cng CuzP. The existence of the same compound 
is also inferred by Heyn and Bauer on the evidence of 
the composition of the crystals obtained on the outer 
surface of phosphorized copper wire. Crystals of this 
kind were also observed by the present authors, which 
undoubtedly appeared to have all the characteristic 
features of a well-defined c ine compound. The 
analysis of the crystals obtained by the authors gave 
15-9 per cent. of phosphorus as compared with 16-34 
per cent. required for CusP2. It is quite possible for 
this difference to be caused by the crystals of CusP2 
being contaminated by CusP. 

General Conclusions.—The rate at which solid copper 
combines with phosphorus vapour at temperatures up 
to 700 deg. C. has been determined. When using } in. 
diameter copper rod, it was found that the maximum 
rate of increase of phosphorization for a given rise of 
temperature was at 640 deg.C. This would no doubt 
also apply to plates of copper up to }in. thick. From 
this it would seem that pa is no reason for assigning 
400 deg. C. as the most satisfactory temperature for the 
pean of phosphor-copper as Demmler does. 

he difference in this connection may ibly be 
accounted for by the fact that Demmler did not admit 
phosphorus vapour to the copper until the latter had 
reached 400 deg. C. In the experiments described in 
the present paper, the phosphorus and copper were heated 
up at the same rate, in this way ensuring that the two 
reactants and the product were at any rate approxi- 
mately at equilibrium at each temperature. 

So far as it is possible to judge a practical problem 
from laboratory experiments, the authors are of the 
opinion that the most satisfactory phosphorizing tem- 
perature is at or about 640 deg. C. With this tempera- 
ture they think that the chief advantages would be :— 

1. A quick but safe rate of phosphorization at a low 
economic temperature. 

2. The operation could be controlled so as to prevent 
the formation of any liquid. 

3. Judging from the dissociation curve C X H, Fig. 7, 
it would be impossible to obtain an alloy containing 
more than the percentage of phosphorus which is re- 
quired commercially. 

4, It ought to be an matter to evolve a con- 
tinuous process which oul be free from danger and 
give little or no loss of phosphorus. 

5. With a continuous process and a temperature much 
below 640 deg. C., there would be a tendency to produce 





a containing more than 15 per cent. of phosphorus. 
The dissociation temperature curve for alloys con- 
taining up to 30-9 per cent. of phosphorus has been 


tentatively determined. From these and other con- 
siderations there are reasons for supposing that the two 
phosphides CuP and CusP2 exist in the copper- 
phosphorus system. 





EXPERIMENTS ON MERCANTILE SHIP 
MODELS IN WAVES.* 
By Mr. J. L. Kent. 
(Continued from page 671.) 

PART III.—Marnematica, TREATMENT OF PITCHING 
IN Waves TO INVESTIGATE AND EXPLAIN EXPERIMENT 
REsvttTs. 

§ 18. In order to throw some light on the causes pro- 
ducing the various changes in the behaviour of the model 
meeting waves of different length “ head on,” the effect 
of loading, and the causes producing heavy pitching, 
the following mathematical investigation has been made 
of the pitching motion of a ship meeting a train of regular 
waves at a uniform speed, following the general lines of 
W. Froude’s investigation of a ship rolling in a seaway. 
The assumptions made are as follows :— 

(1) The waves form a regular series with parallel 
crest lines (approximately correct in experiments). 

(2) The ship meets the waves “ head on” at a uniform 
velocity (approximately correct in experiments). 

(3) Pitching is isochronous (approximately correct in 
experiments). 

(4) The shape of the wave is sinusoidal. 

(5) Interference between ship’s train of waves and 
ocean waves has been neglected. 

(6) Damping of pitching by water resistance has been 
neglected. 

(7) Ene imparted to ship by orbital motion of 
water icles has been neglected. 

8) Variation in virtual weight has been neglected. 

f the waves are very long in comparison with the 
ship’s length, the vessel will tend to set itself normal 
to the wave slope, and for pitching (resisted and un- 
resisted) similar equations can be found to those obtained 
by W. Froude* in considering the motion of a vessel 
rolling among waves, if the period of encounter is used 
instead of the natural wave period. 


given speed in smooth water can be found experimentally, 


then the rate of change of pitch for a vessel pitching 





+ Paper read before the Institution of Naval Architects, 
April 5, 1922. 


amo? 
grap! é 
comparable with that of the ship other conditions hold. 


at any instant, at an angle @ to the vertical, and let 


It also follows 
that if the coefficients a and 6 for resisted pitching at any 


waves of known s can be obtained by a 
integration as for rolling. With waves of length 


Suppose the ship to be in the position shown (Fig. 10) 


Bo = C.B. in the “ at rest” ition with no waves. 

B, = C.B. calculated on the assumption that the 
vessel is on a level keel with the waves in any 
longitudinal position relative to the ship at 
the instant considered. 

Be = True C.B. at instant considered due to waves 
and ship’s inclination. 


If the ship remained horizontal during the passage 
of the waves, then the C.B. would pty «a me nd aft 
of the “‘at rest” position for every wave the vessel 
meets, and the time of one complete oscillation of the 
C.B. would be the period of encountering successive 
waves. Under these conditions the actual position of 
the C.B. can be calculated. Neglecting the dipping of 
the ship (i.e., i the increase and decrease of 
buoyancy as each wave passes to be negligible), the 
movement of the C.B. has been calculated for models 
484 and 487A for different length waves of the same 
height, and is given in Fig. 11, on the opposite page. 

To get the true position of the C.B. at any instant, the 
shift of C.B. due to the vessel’s inclination must be added 
to or subtracted from that calculated above. 

For equilibrium, neglecting resistance :— 


a2 9 
D aeean om .G => 
rT. Ww Z=0 
Now 
GZ = Bo Bz + Bo Go. 6 = By B; — Bo Mi. @ 


+ Bo Go.@= BoB, —GM.@ 
hence 
— W(Bp B} — GM,.@)=0. (1) 


Putting 2 T = omuarte natural pitching period of 


179 
an 


ship, 
M= longitudinal metacentric height = 
Ly» 


and k = radius of gyration of ship whose mass 
- W 
is = m. 
Then 
2T=2r,/ 
gM 


and equation of motion (1) may be written :— 
ao, rt 
qe’ °) 
It has been found by calculation that with sinusoidal 


waves, Bo B; to a base of time is a curve approximating 
to a sine curve for ships similar to the models tried, or 


B; = ; sin 7! 
Bo By oat > 


where 6; = maximum longitudinal shift of C.B. from the 
“at rest” position. 
and 2T, = complete period of encounter, or the time 


elapsing between successive meeting of the 


om & -_ 
7] ja 80 Bs = 0 


fore perpendicular of ship with wave 
crests. 
es 2rv 


(r = wave period in seconds, v = ship’s speed in ft. /sec.) 


coincide. 


motion (2) :— 
@O wt, gh. rt _ 
7 a tages é - (3) 
and writing 
gh eM bh th. (y\* 
em kR'M T2M ( z) 
where 
bi 
e— 
” M 
then a . 
6.7 wp\? . wrt 
—— om 6 =~ fas. ax tia? . 
zatT (=) — (4) 


satisfied if " 


Cin Fe 
T?2 —T 
Hence the complete general solution is :— 


gin ® ? 5 asin ®! 
Ay ted | 


t= (5 
Te 


wet 


T 


6= + Bcos (5) 


then U, we have B = 0, and 








* Trans. I.N.A., vols, ii and iii. 


and ¢ is measured from the instant that B, and Bo 


Substituting the value of Bp B; in the equation of 


The particular solution of (4) is @ =C sin — and is 


Assuming as initial conditions that when t = 0 the 
ship’s trim is also zero, and that its angular velocity is 


The complete general solution may therefore be 
written :— 
ry" 7| + 


Cenc, 
1- (= 
The complete oscillation is therefore made up of the 
still water pitching oscillation given by the last term, 
with two simple harmonic motions superposed upon it, 
one in the ship’s natural period 2 T, and the other in 
the period of encounter 2 T’,. 


The amplitude of the ship’s pitching oscillation (un- 
resisted) depends upon p? = s 
4 


(i, 


and also on the ratio Tv 


€ 
(« a ship’s period 

"period of encounter 
Owing to water resistance, the still water pitching 
oscillations rapidly die out, unless maintained arti- 
ficially and the vessel performs forced oscillations, 


UT 


rT 


wt 


il in 7! 6 
T, a tha 


maximum longitudinal shift of C.B. 
longitudinal metacentric 








given by :— 
eee ae [ sin St - Fin TI (7) 
1-(=)° T. Te rt 
Te 


Equation (7) gives the resulting motion of the ship, 
which is made up of two simple harmonic motions of 
periods T, and T and amplitudes 


per 





p? and me respectively. 
— (=) vu ( =) ' 
T. € 
T 
§19. Deductions. Effect of T, on Pitching.—There 


are three cases: (1) - small, (2) a large, and 
€ . 
(3) 2 =1. 
Te 


T 
(1) 7, small, t.e., the ship’s natural period small in 
€ 


comparison with the period of encounter. 
Such conditions obtain when the period of encounter 
is large ; as when 

(a) A slowly moving ship meets long waves “ head 
on ”. 


(6) A ship travels slightly faster than the waves in a 
following sea. 

The pitching effect produced in both these cases is 
intensified if the weight of the ship’s structure and cargo 
is concentrated amidships, so that the vessel’s natural 
period T is small. Under such circumstances, the second 
oscillation is small and the ship will perform forced 
oscillations, given by :— 





6= — ddan T# x pesin ™! = Bo By sin 7! 
ae =~) Te tT OM € 
T, 


The pitching period approximates to the period of 
encounter, and the pitch is in phase with the instan- 
taneous movement of the static C.B. produced by the 
change in buoyancy occasioned by the passing of the 
waves. The amplitude of each pitch and ’scend will 
be the same, and will depend upon Bo Bi Hence an 
increase in pitching angle will accompany either an in- 
crease in wave-height for waves of the same length 
or a decrease in the longitudinal metacentric height 
(see Fig. 4, page 668 ante). 

Any change in the water-line shape which tends to 
increase the maximum shift of C.B. (i.e., Bo Bi) or 
waves of such length relative to the ship’s length which 
produce large values of Bo B;, will also tend to make 
the vessel pitch through large angles. Reference to 
§§ 11 and 12 and to Figs. 4 to 8, pages €68 and 670, show 
that the experiments confirm these deductions. For 
example, increase in height from 3 ft. to 6 ft. of the 
waves of 400 ft. length ay easy an increase in the ship’s 
maximum pitching angle from 2} deg. to 4} deg. (Fig. 4). 
and the maximum pitching angle which occurs at all 
speeds for waves of 350 ft. length is greater for the 
smallest of the three natural pitching periods of the 
ship tried. 


2) 


comparison with the period of encounter. : 

Such conditions exist in practice when the period of 
encounter is short, due to 4 

(a) Meeting “‘ head on” waves of very short length in 
comparison with the ship’s length ; 

(b) Great speed of ship (e.g., destroyers). 

The effect in both these cases is intensified when the 
greater part of the weight of the vessel’s structure and 
cargo is concentrated at the ends, so that the vessel’s 
natural pitching period is large. 

Under such circumstances equation (7) can be 

€ 


written :— 
pe /‘T. \@ 
( ) sin 


large, i.e., the ship’s natural period large in 


x 


at 


S «¥ 


es Mae 
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or 
: Te wt 
é= — oe 
= pe T 7 
i.e., the ship will pitch in its own natural period (2 T), 
_ ad BoB; T. 
and its maximum amplitude will be —_ 1 “€. Hence 


T 
the ship’s pitching angle will never be large since + 


is assumed to be small. Under these conditions, also, 
the faster the ship’s speed, the smaller the pitching angle 
becomes, and with a vessel of long natural period the 
pitching angle will be very small. Reference to § 12 
and Figs. 5 to 8 show that the experiments confirm 


these conclusions, the maximum pitchi angle of the 
ship ‘rarely rising above 1 deg. for small values of T 
when the ship is loaded to give a large natural pitching 
period. 
(3) = 1, i.e., the ship’s natural period equal to the 
-- dre 


period of encounter. 

Such a condition can always be produced theoretically 
by ‘adjusting the ship’s to give the required period 
of encounter, and practically can always be obviated by 
altering either speed or direction of the vessel. Differ- 
entiating numerator and denominator of equation (7) 
with respect to T,, and then putting T = T, :— 


e—-” dn TS _ #E, wé 
2 T = T 
and @ is amaximum when sin ee 7 cos a is a maxi- 
" aa wclé 
mum, i.e., when t = —, —_, &c., or when the ship is at 


an angle which gives Bo B; = + } max. — }max., 
and for each period of encounter an angle 7* ct Bi 


added to the pitching le of the ship. This is the 
synchronous period and will produce the greatest pitching 
in the ship. Fluid resistance will modify the above con- 
clusion to some extent, and the effect of such resistance 
has been worked out and is given in the appendix. 
From this work it will be seen that the pitching angle 
does not grow continuously but reaches a limiting angle 
whose value depends up on the amount of the resistance. 
It was not found possible to make an experiment with 
T, exactly equal to T, as the resistance and pitching were 
abnormally large, but experiments were successfully 
made in which the difference was very slight. Under 
such circumstances the model always pitched heavily 
and took “green seas” aboard. The very high re- 
sistance values and the corresponding large agen 
angles obtained when T and T, are approximately equa 
will be seen in Figs. 5 to 8. 

§20. Maximum Pitching Angle.—From equation (7), 
§ 18, it is evident that the maximum | panes angle for 
any given set of conditions for ship and waves will occur 


is 


at . we 2 
when sin 7, l and sin 7 1 simultaneously, and 
€ 


that the maximum amplitude of pitch will be :— 








by 
p? M 
Sm a 
ick tem 
T, = 


The fluid resistance to pitching will always oppose the 
vessel’s motion, and the maximum pitching obtained, 
will be less than that given above. A comparison between 
the theoretical and experimental values for maximum 
pitching angle confirms this statement, the actual 


agreement becoming closer as 7 becomes less (see Figs. 
4 to 8 and Appendix, for theoretical investigation with 
S added). 

From equation (7) it follows that the angle which the 
ship reaches at each pitch and ’scend will vary wage | 
from a minimum to a maximum, and the vessel wi 
continue so to pitch in regular cycles. The period of 
each cycle is obtained by putting sf = 0 when the ship 


is momentarily at rest; or :— 


resistance « 


rm . art 


pe [ rT T 
——— | — cos —_ —j| =0 
— (=) he Ze T, T 
Te 
. we art 
t.e. = 2ner it 
or 
, 2nTT, 
mm Fy x 
Hence putting n = 1 one complete cycle will take place 


in time :— 


, peas 
T-T, 


and the total number of oscillations performed in one 
cycle will be :— 


4TT, 
T-T, 
Tor T, 


A comparison between the number of oscillations per 
cycle with those actually obtained by model experiment 


has been made, and there is a very fair agreement over 
7 
a range of 7 from 1-1 to 0-7. Above the first of these 


values the model tends to pitch in its natural period 
(2 T) as explained in §19. This cycle of changes in 
pitching angle was very marked when T, was fairly 


= 
close to T, but was not apparent for 7 < 0-7. 
The actual maximum pitching angle will be smaller 
the larger T becomes, or the smaller b; (see equation (2)). 
€ 


Theoretically it will also be reduced if the metacentric 
height is made larger, but as this is always large, any 
ible increase in it by lowering the centre of gravity 
is negligible. The possible factors conducive to large 
pitching angles in a ship meeting a regular series of 
waves “‘end on” may be summarised as follows :— 

(1) When the ship’s period and period of encounter are 
the same (synchronous motion). 

(2) When the ship’s speed is low, wave-length great 
and wave slope steep. 

(3) When ship’s speed is slightly greater than the wave 
speed. and in addition the wave-length is greater than 
the ship’s — and wave slope steep, the waves 
following the ship. 

(4) When the shape of ship is such that the maximum 
Bo B, is large, or the loading such that G M,, is small. 
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Fig.11. CURVES OF CALCULATED PITCHING LEVER (Bo B,)MODEL454. 
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(5) When the weight of the ship’s structure and cargo 
are disposed towards the ends, so that the vessel’s 


natural pitching period is large. 
(6) en the length and height of waves are such 
that the maximum Bp B; is large. 


If a ship is pitching heavily, in a regular series of 
waves met “‘head on,” decrease in or change in 
direction will i T, and diminish pitching so long 
asT, is > T; but the same vessel in steep waves which 
are short in comparison with the ship’s length will 
increase in pitching and rolling if the waves are met 
in any direction other than “‘ head on.” 

§21. The assumptions made in §19 represent ideal 
conditions not realised at sea, and the conclusions arrived 
at in this mathematical investigation need some modifica- 
tion when applied to practice. Sea waves rarely form a 
regular parallel series of equal length and height, although 
in the tank experiment it is possible to f this con- 
dition. On the main ocean trade routes subjected to 
fairly steady winds, an ap roximation to the above ideal 
conditions is reached in the resulting ocean swell. The 
vessel is not always running “end on” to the waves, 
and as a consequence rolling in addition to pitching is 
introduced, and will modify the ship’s pitching to some 
extent. Sea waves, so far as observation has gone 
me 9 to the trochoidal rather than the sinusoidal 
shape. It has been shown by Rankine that so long as 
the ship’s maximum pitching angle is small, the equation 
of motion is practically the same whether a trochoid or a 
sine wave is assumed. And as the pitching of the model 
in the experiments rarely reached 8 deg., the difference 
in the effect on the ship of the true wave shape and the 








sine wave used, is probably negligible. 
The effect of the interference between the ship’s train 


of waves and the sea waves can only be of im 
when the ship’s natural waves are large, as the 
present r deals only with low-speed craft d 

with a view to small wave disturbance, this assumption is 
probably not far from the truth. The damping of the 
vessels’ motion by water resistance is a very real thing, 
and the maximum angles derived from the above 
formula (§ 20) are very much more than those actually 
recorded in the model. So far as this assumption goes, 
the deductions made from the above results exaggerate 
the actual pitching angles, but do not modify the general 
conclusions as to the ship’s motion. The energy im- 
mys to the ship by the orbital velocity of the water 
-has the effect of causing surging of the ship in a fore and 
aft direction, and this is especiall ti le in following 
waves of longlength. Generally its effect on the pitching 
will be opposed to the —~ 2 effect of the water 
resistance, although this wi epend somewhat on 
the ratio of lengths of ship and wave. 





PART IV.—Errect or Form on a Surp’s Sza- 
WORTHINESS. 

§ 22. Position of Wave Crests Relative to Ship.—Iit is 
readily understood that a desirable quality in any vessel 
is an ability to avoid shipping green seas over the bow, or 
being pooped by following waves, as, quite apart from the 
danger to life and damage to the ship's structure, the 

ase in resist to motion is very great, when such 
conditions are realised every time ship pitches. 
With this end in view, it follows that in considering 
the design of a ship’s bows with regard to its effectiveness 
in keeping the deck dry in a seaway, the moment tending 
to make the vessel ‘scend should be a maximum when 
the crest of the ocean wave is at or near the F.P. Neglect- 
ing the energy imparted to the ship by the movement 
of the water particles in their orbits as the wave form 
passes, the moment tending to cause pitching at any 
instant is ed by the ship’s displacement multiplied 
by the lever GZ (Fig. 10). The displacement remains 
unaltered, and GZ is very approximately equal to 
Bo B: — GM, @. Bo B; can be calculated for all positions 
of the waves relative to the ship, and is shown hically 

















for model 484 in Fig. 11, annexed, as an toa 
base of position of wave crest along the ship, for 
waves of from 200 ft. to 500 ft. length. These 
ordinates, diminished by G Mu, will give curves 
which show graphically the moment tending to 
make the vessel pitch or ’scend as the wave crest 
moves along the ship’s side. The value of G Mi, @ 
is largely dependent = the pitching angle, and 
is therefore governed to a great extent by the 
relative values of T and T, as shown in§19. The 
value of Bp B; depends upon the length and height 
of the waves (§ 25), and ‘also upon the shape of the 
ship in the neighbourhood of the ship’s water 
plane when at rest (§ 24). 

§ 23. Effect of Waves on Bo B;.—With the same 
ship form a moderate increase in wave-height for 
waves of the same —— generally increases the 
maximum value of Bo B;, but does not materially 
alter the position of the wave crest along the ships’ 
hull at the instant this maximum occurs. This is 
confirmed experimentally by the fact that in- 
crease in wave-height does not affect the pitching 
period, but does increase the maximum pitching 
angle (see § 11). 

Waves of the same height but of shorter length 
give smaller maximum values of Bo B;, except for 
the periodic increase which occurs when the wave- 
length is a sub-multiple of the ship's le (see 
Fig. 11). The position of the wave crest in rela- 
tion to the fore perpendicular at which this maxi- 
mum occurs varies as the wave-length alters. This 
points to the importance, in design, of considering 
the ratio of wave-length to ship-length for sea- 
worthiness. The positions of the wave crests 
along the side of model 484 for waves of different 
lengths when the value of Bo B; is a maximum 
is given in Fig. 11. These crests will have 
moved aft one-quarter of a wave-length when 
the vessel is ‘‘ bows down,” if the pitching period 
is T,, and these positions are shown in Fig. 9, page 
671 ante which also shows the wave-crest positions 
at maximum pitch obtained experimentally (§ 16), 
and a very fair agreement exists between these two 
curves. Te will be noticed that for waves of about 
250 ft. length an ocean wave crest is approximately at 
the fore perpendicular, and the freeboard necessary to 
keep the ship dry under such conditions can be estimated. 
The freeboard should also be kept high for a certain 
distance aft of the fore perpendi in well-deck 
steamers, in order to prevent seas coming inboard over the 
sides, particularly when rolling, although the extreme 
fore end may be clear of water. 

§ 24. Effect of Form on Bo B;.—The maximum values 
of Bo B; given in Fig. 11 and the positions of the wave 
crest along the hull at the instant these maximum values 
occur, depend upon the form of the ex ] in the region of 
its load water-line, for a distance of half the wave-height 
above and below it. The general support given by the 
experiment results to the theo t the maximum 
value Bo Bi is one of the controlling features governing 
a ship’s rough weather qualities, suggests that the fullness 
and shape of the water lines rather than the transverse 
sections determine the wetness or dryness of the ship 
in waves. This is to some extent confirmed by the ex- 
periments, as no appreciable difference was observed 
in the amount of water shipped, and the speed at which 
this first occurred in the two models 484 and 487A when 
running under similar conditions, although the shapes 
differ greatly as regards transverse sections. To ensure 
that the ship rises yy long waves the water-line 
should be so shaped that B, is forward of By and Bo By, 
increasing in value for the whole time that the forward 
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slope of the wave from trough to crest is ing the fore 
perpendicular. To ecient to thi ‘ideal con- 
dition, if the ship is to meet waves of about her ownlength, 
the water-line should be made as full as possible forward 
and fine aft. Too full a bow water-line, however, 
will mean loss of ship speed in waves due to increased 
resistance. For very short waves of considerable length, 
Bo B,; is always small and the vessel does not pitch to 
any extent ; but unless some flare is given to the trans- 
verse sections of the extreme bow, water will splash 
in 

These experiments throw no light upon the effect of 
fullness of form, or variation in the longitudinal distri- 
bution of the displacement on the pitching of a ship 
in waves, as all the models had the same curve of trans- 
verse areas of sections, and it is hoped that further 
knowledge on these points will be acquired in the near 
future. 





APPENDIX I. 
Errect OF RESISTANCE ON PITCHING ANGLE OF 
Sure. 
Suppose resistance « 60 and = ky; é0 
dt dt 


d2 6 


ea 


Ta W.GZ+kh a = 0 is the equation of 


motion, and I = mk?, W = mg, and ki = Wn = mgn. 
The equation of motion then becomes :— 


do g gndé 

<b OR, B, —-M@ | ng had A 1 

Ta pa (Bo Bi +a (1) 
and since 

eT = 24 a/ Fo OM. (zt 

gM k2 i 

and 

gn_gM n_ w\2 2 M 

en am (05) eS 


The equation of motion may be written :— 
d2@ w\?dé r\2 wp\? . wrt 

704 pad —= —-) @—{-- —_——=2 0 (2) 
ra * (*3) ait G) °F) Em? 
The general solution is given by :— 


“Fa coe n/— 4 + Baing/a—2t | (3) 
+ (0g)e= 


The particular solution by :— 





@ = Cy sin F* + Cp cos (4) 
where , : 
ry 
’ *[1-(F)'] 
i= 
Un-(z) } + (x) 
and 


SY he 
Pe = 


~f-(Yy a (#z) 


The complete solution is therefore :— 
a ae 
_ .-#(@ Z)'t TA cos V/ (7) -3( rye 
O=me ( T T 1 qg Yr 
+ Buina/ (2) (4 «| 


+ C; sin ™ © + © cos 
T. 


Ce 





Te 


Assume initial conditions 6 = 0 when t = 0. 
Then 


(5) 


A+C2=0 


w\2 
After a sufficient length of time « i (2 4) * snbaishes 
from 1 to a very small quantity and becomes negligible. 
It is worth ootes that the larger q is, é.e., the ater 
the resistance to pitching, the fewer the number of 
oscillations before this term becomes negligible. 
The equation then becomes :— 


@ = Cy sin™* + Cp.cos 7! 

1 T. C2 Tr. 

The vessel will then perform forced oscillations in the 
period of encounter, T, 


+ (6) 


= 0, or when 


{1 -(z)} 


¢ 


Maximum pitching occurs when - 





(7) 


TT 
T, 





\+(F Ycompre with §2 
€ 


For synchronous oscillation, from (7) :— 
wt Henwort=nT, = nT 
€ 


For any other period of encounter, the time at which the 
maximum oscillation occurs will be given byt = nr + @ 
where ¢ depends on the amount of resistance to pitching, 
there — a lag between the time when the wave crest 
along the form is in the position for maximum pitching 
moment and the time of the actual maximum pitch, 
compared with that for the condition when T = T,. 

From equation (8) the maximum pitching angle for 
synchronous motion is :— 


# (*) 
Y\r 
Hence when the resistance to pitching « 66 


dt 
maximum pitching angle when T= T, will not grow 


, the 





continuously, but will equal bi T ° 
nT 


This angle will be large if 


(1) }; is large, 
(2) T is large, 
(3) n is small. 


i.e., for high waves, weight concentrated towards the 
ends of the ship, and small resistance to pitching. 





APPENDIX II. 


Loss or SPEED pUE TO LOWER Screw EFFICIENCY IN 
Roveu Water (§ 17). 


The loss of speed in rough water due to increased hull 
resistance usually gives rise to a further loss in speed, 
owing to the drop in propeller efficiency when working at 
a higher slip. e following calculation of the reduction 
in propeller efficiency due to the vessel encountering 
waves has been made for a propeller of 17-5 ft. diameter, 
1 pitch ratio, and disc area ratio = 0-40, and is based 
on R. E. Froude’s experiments on propellers in open 
water. The conditions taken are those of a ship encoun- 
tering waves of 400 ft. length and 6 ft. high “head on” 
and may be regarded as the weather conditions prevailing 
for a vessel running against an average half-gale. 


Table of E.H.P.’s for 400-ft. Ship. 








Speed in knots 18. 11. 10. 9 | 8 
E.H.P. in smooth water ..| 1,215 940 705 514 361 
E.H.P. in waves 400 ft. 

long and 6 ft. high -| 2,100 | 1,622 | 1,215 885 624 





Assuming 5 per cent. appendage resistance and 98 per 
cent. hull efficiency, the corresponding thrust horse- 
powers, together with the screw revolutions and efficiency 
necessary to develop this power, are as under :— 














Speed in knots 12. 11. 10. 9. 8. 
In smooth water 
Li 1,300 | 1,010 755 550 386 
Revs./Min. ‘ 78-5 | 72-0 | 65- 58-1 | 51-6 
Screw efficiency 0-676 |0-675 |0-675 |0-672 |0-670 
Geks oe ‘ 1,920 | 1,498 | 1,120} 819 576 
In waves 400 ft. long and 
6 ft. high— 
,) * Se es 2,245 | 1,738 | 1,300 946 667 
Revs./Min. - 90-0 | 82-5 | 75-0 | 67-4 | 60-0 
Screw efficiency .|0-627 |0-625 |0-619 |0-614 [0-610 
> ae aa .-| 3,580 | 2,780 | 2,100 | 1,542 | 1,091 














Hence the increase in hull resistance in waves reduces 
the speed from 12 knots to 10 knots, and the additional 
loss in speed due to lower efficiency of propeller causes 
a further drop from 10 knots to 9-6 knots, always 
assuming that the thrust of the screw in waves is con- 
tinuous. 





SranparpD SPECIFICATION FOR CopPeR Wrre.—A 
Ne i numbered 128-1922, recently issued by the 

ritish Engineering Standards Association, 28, Victoria 
street, London, 8.W.1, contains the British standard 
specification for the dimensions and resistances of bare 
annealed orges wire for electrical machinery and 
apparatus. e values of the resistances given have 
been calculated from the value for the resistivity of 
copper laid down by the International Electrotechnical 
Commission. The resistivity of commercial copper is, 
however, a variable quantity, and a tolerance of 14 per 
cent. in standard values of resistance has been adopted 
for use until conditions with regard to copper improve. 
We notice that the wire sizes are given as diameters 
expressed in decimals of an inch and styled “ British 
standard sizes” (B.S.8.). The diameter, however, 
include all the 8.W.G. sizes, with a considerable number 
of interpolated sizes. With a view to encouraging a 
reduction in the number of sizes commonly used, the 
29 sizes which constitute the even numbers of the S.W.G. 
are classed as “ gg standard”’ sizes, while the 
remaining 28 S.W.G. sizes are called “secondary 
8 .”’ The use of a third-class designated ‘* excep- 
tional standard ”’ sizes, it is urged, should be restricted 
as far as possible. Copies of the specification can be 
obtained from the offices of the Association at the above 





address, price 1s. 2d. post free. 





CATALOGUES. 


Electric Motors.—A stock list of electric motors showing 
over 1,100 machines ready for delivery, has come from 
ae A.C.E.C. Company, 56, Victoria-street, London, 

Ww. F. 


Centrifugal Extractors.—A catalogue of several types of 
centrifugal extracting machines for belt, electric or steam 
drive is to hand from Messrs. Manlove, Alliot and Com- 
pany, Limited, Nottingham. 


Switch Gear.—The switch gear installed in stone 
cubicles at the power station of the Southport Corpora- 
tion by the General Electric Company, Limited, Kings- 
way, London, W.C. 2, is described in a special catalogue 
leaf issued by that firm. 


Paints.—Messrs. Szerelmey, Limited, Rotherhithe 
New-road, London, 8.E. 16, have issued a small catalogue 
of their stone — waterproof encoustic, and cement 
waterproof, all of which are for the treatment of stone ; 
paints for general application are also dealt with. 

Marine Slipway.—A 4-page catalogue giving a few 
particulars, and inviting inquiries for slipways for hauling 
up vessels up to 1,000 tons for cleaning and repairs in 
places where dry or floating docks ‘are not available, 
comes from Messrs. Lobnitz and Co., Limited, Renfrew, 
Scotland. 


Boiler Feed.—An appliance for returning to the boiler 
all condensed steam from traps and other sources made 
by Messrs. Royles, Limited, Irlam, near Manchester, is 
described in a special catalogue as an “ Auto-thermal ” 
feed. It has advantages over the usual feed pump, and 
in many cases these advantages would be considerable. 


Valves.—Sluice valves in all sizes with various operating 
and other fittings are the main subject of a catalogue 
received from Messrs. Ham, Baker and Co., Limited, 
Langley Green, near Birmingham. Reducing, relief, non- 
return and other valves are included, as well as strainers, 
surface boxes, indicators and parts to complete pipe 
lines. 

Gas Producers.—The Stein-Chapman gas producer is 
very fully described, with excellent illustrations, in a 
catalogue received from Messrs. Stein and Atkinson, 
Limited, 47, Victoria-street, London, 8.W.1. A floating 
fuel agitator driven by electric motor through worm 
gearing is fitted for continuous action with results which 
are claimed to be highly efficient. 


Humidity Measurements.—Glaisher’s tables enabling 
humidity measurements to be made with the wet and dry 
bulb thermometer, are reprinted in a small booklet 
to hand from Messrs. Cleworth, Wheal and Co., Limited, 
Trows-lane, Castleton, near Manchester. The booklet 
will be useful to ventilating engineers and superin- 
tendents of textile and other factories in which the 
humidity of the atmosphere is a matter of considerable 
importance. 


Paraffin Engines.—A catalogue of 34 pages of illus- 
trations, with brief descriptive text, is to hand from 
The Parsons Motor Company, Limited, Southampton. 
Its purpose is to show examples of the many kinds of 
plant which are built into self-contained units incor- 
porating paraffin engines as motive power. Both fixed 
and portable types are dealt with and include plants for 
electric power generation, pumping, welding, air com- 
pressing, stone crushing, &c., as well as for operating 
aerial ropeways and various agricultural machines. 


Water Tube Boilers.—A very concisely written 24-page 
pamphlet, received from Messrs. Babcock and Wilcox, 
Limited, Farringdon-street, London, E.C. 4, containg 
a review of progress in steam-generating plant during 
the last eight years, with illustrations of various water- 
tube boilers and rules for calculating efficiencies, &c. 
Pumping, stoking, conveying and other boiler-house 
plant are also dealt with. The working pressures are 
generally either 200 Ib. or 250 lb. to 275 lb. per square 
inch, but for exceptional purposes boilers are made for 
working pressures up to 1,000 lb. per square inch. 


Tyre Presses.—A hydraulic press, for forcing solid 
rubber tyres on to motor lorry wheels, is described 
in a catalogue received from Messrs. Hollings and Guest, 
Limited, Thimble Mill-lane, Birmingham, who make 
tyre presses capable of exerting a pressure of from 
50 tons to 200 tons. The press dealt with in the catalogue 
has a four-column frame composed of riveted rolled 
steel sections, and is actuated by ahand pump. Another 
catalogue from this firm shows a full range of stretching, 
shrinking and forcing-on presses, with all the necessary 
hydraulic equipment for hand or power operation. 


Surveying and Drawing Instruments.—We have received 
from Messrs. James Chesterman and Co., Limited, of the 
Bow Works, Ecclesall-road, Sheffield, a copy of their 
catalogue of measuring tapes, steel rules, feeler gauges 
and vernier squares. Amongst apparatus made for 
surveyors we note, in addition to ordinary chains, 
steel band chains up to 100 ft. long, and a “ pocket 
levelling rod’ consisting of a band of tape 2 in. wide, 
graduated as an ordinary staff, which can be tacked to 
any wooden rod. Appliances for draughtsmen include 
steel straight-edges up to 6 ft. long, and steel rules 
with the equivalent of diagonal scales with which beam 
compasses can be set to sis in. Another useful device 
is the jointed rule with sector lines scribed on it, by the 
use of which angles can be set out more conveniently 
and more accurated than with the ordinary protractor. 
The firm also make steel vernier calliper gauges up to 
12 in. in length reading to res0 in. Hardened and 
tempered wedge gauges accurately graduated constitute 
another jality. Messrs. Chesterman have also 
recently added to their feeler gauges, a set of extra 
length specially intended for the measuring of air gaps 
of generators and motors. 
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the tral 173 . G. Wilson, , and D. M. Gauld, 
“ ENGINEERING” ILLUSTRATED PATENT | motion aud wey be netuated ‘bye levee deter be eo enc oe | and Be and We Maclin 
RECORD eccentric. Above the disc is a spring-actuated plunger e which | Collars to Shafts. ) August'5, 1 —This invention 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPEOCIPIOATIONS UNDER THE AOTS OF 1907 AND 1919. 
i) ome views given in the S; aston Browines @ stetes 

ees: where none io matnes the & Specification is 
Where inventions are communicated een Re Sea, ée., 
of the communicators are given in 
wee ie scotned ot the Patent Ofice, Sales 
, Southampton Buildings, Chancery-lane, W.C., at 


Sees 


Getont en on any of the grounds 
ELECTRICAL APPARATUS. 


821. G. S. Wilson, Glasgow. Winding Coils. 
(2 pay +, September 7, 1920. —This invention relates to devices 
for use in winding coils, such as armature coils, of the type com- 


prising a gauge bar 1 whereon are adjustably fitted at selected 


positions spaced apart, a number of spools 3 on which the coils 
are adapted to be wound. The invention is primarily charac- 
terised by the feature that there are adjustably secured to the 


pn 1 aur the ends thereof, by means of ching screws 4, 

members 5 which, when a wound coil is to be removed, are 
shi d into abutting relation with the end spools 3, so that these 
spools can then be slackened and adjusted to permit removal of 

















4 


(73.82) 


the coils and thereafter restored to initial position in abuttin 
relation with the stops. The invention is further characterise 
by the feature that the gauge bar 1 is mounted on a rotary shaft 6, 
to which is fitted a wiper 7, co-operating with a revolution counter 
8, serving to record the number of revolutions of ‘the bar, the 
revolution counter being adapted for engagement with or dis- 
engagement from the wiper at will. Yet a further characteristic 
of the invention is the feature that there is fitted to the shaft 6 
a ratchet wheel 9 co-operating with a reversible pawl 10, which 
may be rendered inoperative if desired. (Sea 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


172,546. R. M. Brooke, Halifax, and W. Whitworth, 
Brighouse. Gas Producers. (3 Figs.) January 18, 1921.— 
This invention relates to furnaces used in the manufacture of 
producer gas. In carrying out the invention, the front portion D 
and the two sides D1 of the furnace slope inwardly. The ash 
pan B is situated underneath the front portion D and extends 
sufficiently far forward to receive the front portion of the fuel, 
which naturally assumes an ~ of about 45 deg., as shown 
in Fig. 1. Extending along each side of the furnace and round 
the back also if desired, is a flue ¢ having air inlet apertures C. 
The converging sides Di overhang the apertures C to divert the 
fuel away from them, and the bottoms of the apertures incline 
downwardly so that no fuel will rest thereon ahd clog the aper- 





tures. The back of the furnace is formed with a ledge d2, and 
inclines downwardly below such ledge to the ash pan When 
the furnace is charged with fuel, such fuel approximately occupies 
the position shown and the passage of air to the lower portion 
of the fuel is free and unobstructed. When the fuel in the ash 
pan becomes converted into ash, a number of bars F are passed 
over the top of the bearer E to ‘the back of the ash pan in an 
inclined position so that they constitute a false grate which 
supports the fuel whilst the ash is beingremoved. If a quantity 
of clinker forms at the bottom of the fuel, the bars F are inserted 
in a horizontal position until they rest on the we @ and support 
the fuel whilst the clinker is being removed. Accepted Decem- 
ber 21, 1921.) 
172,999. E. A. Franks, Arklow, and S. W. Hansen, 
Diesel Engine Fuel Pumps. (2 Figs.) June 29, 
1920.—This invention relates to fuel pumps for Diesel and semi- 
Diesel engines. According ’ this invention, a spring stee) disc a, 
referably dished, is secured in a a chamber, the rim of the disc 
held by the walls of the chamber so as to allow the inner 

por of the disc to move in an axial direction. The disc rests 
upon a metal reaped melons yy Ly The periphery of the plate 
rests upon a Jedge running round the walls of the chamber, whilst 





maintains the disc in contact with the stem f. The disc a is 
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actuated by the stem f, which causes it to expel fuel from the 
chamber through an outlet valve c, the disc being caused to move 
in the other direction by the plunger fuel being drawn into the 
chamber through an inlet valve d. (Sealed. ) 


LIFTING AND HAULING APPLIANCES: 


173,102. W. W. Padfield, Bath. Lifting and Hauling 
Gear. (6 Figs.) October 11, 1920. —In driving and controlling 
pear for g and hauling mechanism in accordance with this 
vention, there is interposed b between the peers an paces and 
drum, Focusing, chtlens Gl 
g, the ons Gall ye orl nee 
the Seer qecendnny) 2 boy = 4 
d means for clutching or ae 
wea 'ee tae caer of @ the sets of ir tedeer'ee 
accordance with the direction of rotat = a rae oe. In the 
construction illustrated, two ons 1, 2, of different diameters, 
are fixedly mounted on a shaft 3 driven by an electric motor, the 
— and primary pinion 1 meshing with a spur 
wheel 4 mounted on a shaft 5 on which the mova member 6 
of a friction clutch is also mounted, and the other and 1.4 or 


secondary ion 2 with a secondary spur 

on a 8 8, on which the winding drum 9 is fixed) ha 
The 5 aah epiadie & one co-aaiel; on the s) 8 is also 
fixedly mounted the second member 10 of the clutch and, 


adjacent the secondary ae Papa 7, @ ratchet wheel 11 with 





which a pawl 12, 7 ee —— 7, engages 
when the secondary spur wheel 7 is rotated in jon. 
The winding rope 13 is attached at one end to the windl drum 9, 

and at the other end to one arm of a bell crank "Sa _ he other 
arm of which actuates the movable member 6 of the friction 











clutch. The load is suspended from a pulley or block 15 in the 
bight of the winding rope 13. During hoistin primary 
— 1 and primary spur wheel 4 drive the winding drum 9 
hrough the friction clutch 6, 10 ; during lowering, the direction 
of rotation of the driving shaft 3 is reversed, the secondary 
pinion 2 and second spur wheel 7 are coupled through 7 
ratchet and pawl mechanism 11, 12 to the winding drum 
which is rotated * a ao. in excess of that imparted to it by the 
during gearing 1 The primary gearing 1, 4 is in motion 
uring the time thet ite a 2: 7, , is operative, but 


is ineffective o g of the clutch due to the 
difference in speed of the thatt 5 5 ory spindle 8 on which the clutch 
6, 10 are vely mounted. Since the end ure 


on the clutch 6, 10 due to the pull of the rope 13 on t 


hori- 
zontal arm of 


bell crank lever 14, the end pressure will always 
be Le, rizontal and ¥ to the load on the hook and t! 
lengths of the 1 and vertical arms of lever 14 should be 


loads, urning effort transmitted thro 
wheel 7 is added to the ome) effort of ee ed ena causes 
clutch to slip. When lifting light, the weight of the snatch 
block and of the horizontal arm of lever 14 is sufficient to ensure 
(ee a clutch 6, 10 grips enough to raise the empty hook. 
Sealed. ' 


MACHINE AND]OTHER TOOLS, SHAFTING, &c. 


173,925. J. Y. Wilson, Newcastle- a » W. Mathi- 
son, Newcastle- -Tyne, and J. » Dunston- 
on-Tyne. Lathes. (4 Figs.) March 19, lest, —This invention 
relates to grinding attachments for lathes whereby such machines 
can be simply and readily converted into grinding machines, 
when desired. In a grinding attachment in accordance with 





this genome the pin ¢ carrying the rotary sleeve ¢ to which the 
grind “Ty b is attached, is screwed into a block f 
ovetail slide g adapted to be attached 
leenpeuneily tot the ff face plate j of the lathe, bag block f being 
adjusted by screw and nut mechanism to over sale a of the 
pin ¢ relatively of the centre of the facepla (Accepted 
January 25, 1922.) 





n carrying out the tavent fon, 


fue in the shaft or s 
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ng 
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A is raised from 
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the recess El and is then drawn out by means of a pair of pliers, 
thus freeing the collar on the shaft. (Sealed.) 


MINING, METALLURGY AND METAL-WORKING. 
172,067. G. Johnstone, Ul 


Pulverisers. 


apparatus for 
pale A, A, Bot 

locks’ 4 in 
another by heavy springs 
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The spindles J are 
adjustment of the ¢ cams H is brought about. The material to be 
treated is drawn in at an inlet aperture R by suction a 
inlet aperture 


outlet apertures 8 


The 


lverston, Manchester 
(1 Fig.) r= * 1~ —The invention Bae 
verising 0. 
and the Te By 
headstocks 


#6, are carded in boating 


to 
has wit ita 





ORL 


Ne ey 90% 





GUuthtase 


Cpt Gilet luhtalerlitie: 


diaphragm T A RS the ingoing stream of air and material 


into two poetene 
close to the point of pass, an 
pulleys at a surface spee 


cted u the 
wt which rol are 
d as poarty oe may be that of the 
stream. From the nip of Tf the rolis A. 


ries of the rolls oh B 
driven by belts’on 


the a nome oe a 


guiding device V, from which the material 


the second pair of rolls C, he proper of whi 
surface 8 


second pel of roll of rolls tbe eo XE. 


is narrower ~~ the 
a greater. From the 
over a device Z 


terial passes 
similar to the device 7 —_ i“) thence to the outlets 8, from 


which it is delivered. 


173,866 ap tated a, Lonehboroush, 
and W. wis.! Weigh ght, 
(3 Figs.) octeber 


bricks are 


—This invention relate hy - coke- 


pay lining i said ia tras the f Dome 
hat the tightly 


“4 cast metal frame, 4 
pe 
toge securely 


pressed 
by a fixed to the casting. According to this em a ~~ 
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oven door of the type described is characterised in that a passage @ 
is formed between the inner and outer walls of the door, ha 


one or more @ 


rtures ¢ for the air or steam to enter formed a’ 


the bottom of the door, and having one or more apertures 

formed at the top of the door which act as an air or steam 

for the yorzene  somins 7) SS © oan ea. The air 
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sup t 
er temperature. 


ir passage d, thus keeping the furnace door at a 
(Accepted January 25, 1922.) 
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Fuel a, Company, Limited, 
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. Pulverising Coal. aR RR ——. ms 

1920. relation to ng ry rin 
the kind in which the casing of the ——— = is = oe internally 
into a plurality S. tay ments by wo Pes 

partitions, ena | ving an opening Se tere 7 

which adjacent wRagettensiite are placed in communication wit 
one another, and each compartment containing a disc on which a 
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plurality of impactors is mounted, the several impactors being 
of like diameter and the openings through the partitions decreasing 
in area from the inlet to the outlet end of the casing. Apparatus 
yo or pavers, coal in accordance to the present invention, is 
y the ay aie begpey namely, that the several 
discs 4, 5, 6 are of like diameters, and that the several compart- 
ments 19, 20, 21 and communicating openings 16, 17, 18 increase 
in size and decrease in area respectively from the inlet to the 
outlet end of the casing. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


170,714. H. Clements, Forest Gate. Liquid-Fuel 
Burners. (3 Figs.) August 17, 1920.—In liquid fuel burners 
for furnaces, the steam or air passage is provided with means 
whereby the steam or air flowing therethrough is given a spiral 
movement before coming into contact with the liquid-fuel enter- 
ing the steam or air passage the axis 
of the passage. ys yey Foy hy b, ¢ being 





inlets for the steam or air. d is the jacket surrounding the ge 
aand enclosing the space ¢ through which the fuel flows from 
the inlet f to the inclined nozzles g projecting within the passage 
a. h is the spiral rib within the a for imparting a spiral | o 
movement to the steam or air flowing through the passage before 
it comes “iy contact with the liquid-fuel ieouing from the nozzles 
g. (Seal 
170 “ny J. W. Thornley, Kearsley, 

w. Thornley, Kearsley, Farnworth. ixpansion Joints. 
(4 #.) June 21, 1920.—This invention relates to expansion 
joints for application to the front end of boilers. According to 
the invention, a of jointing plates a, » & one for each side of 
the jboiler near its front end, the plates being e shaped 
on one edge to follow the curvature of the boiler, are yieldingly 
kept in contact with the boiler by means of a rolling weight or 


Farnworth, and 


OO 


weights f positioned in an inclined 


or ides 
the ho @ down which the ee cs 


aoe weights tend to roll 
-——4 


other con’ 
off cock. 


aa. F. mG Peon Low Ps Cotement, and 
(is Figs.) "June 9 1920.—This invention Telates to : 
for stuffing boxes be the type ‘known as semi-metallic, in which 


6 the working surfaces . combination with cme 4 material 

as asbestos or canvas, fur giving resiliency to packing 
and which is confined in the shell. Accordin to the invention, 
the shell or casing 6, which is preferably produced in the course 


wee 
WW 


‘LLA_| 


ZZ 


2-5 
as 


of manufacture’as a continouus pipe, and may be in one or more 
rts, is provided with projections ¢ which constitute the actual 
Costas surfaces. In a modification, opposite sides of the shell 
may be connected ws diaphragm (fig. 2), or a unit may be 
formed of two svch shells separated by 9 diaphragm. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


171,600, |E. S. G. Rees, \ietzoshomneeen. Maneuvring 
Ships. (4 Figs.) October 21, 1920.—' invention relates to 
apparatus for manwuvring ‘ships and it consists in an improve- 
ment co ion of the pivoted vanes or pallets which 
control the direction of of the screw propeller flume 
or stream from the fixed ot or augmenter tube through which 
it is continually urged b screw propeller. According to 
-_ & - on invention, the forward portions of the pallets b 

fo —- dimensioned that while in the open or full 

close on the outer surface of the walls 
a the fixed tbe a, a * ch they then am a continuation ; in all 
other ction with the said’ walls, 
forw: zzles or channe ugh which the water 
banked up in the tail end of the tube a by the closure of the 
pallets b or deflected. Even in the extreme case in 
which one of pallets is hard over, a forward direction is given 


to the deflected stream by reason of the shape of the front portion 
of the pallet and the fact that its forward tip dl projects beyond 
the line of the co-operating wall of the fixed tube a. These'results 
are obtained by outwardly-bulging the forward portions d of the 
pallets b so that they present concave surfaces towards the wall 
of the fixed tube a. The tips dl of the pallets may be flat so as to 
lie snugly against the wall of the fixed tube a, or they may be 
turned outwards slightly, but in either case the construction is 
such that when the rear edges d2 of the pallets are closed centrally 
on each other their front parts and the rear ends of the co- 
nent walls of the fixed tube a constitute forwardly-directed 
nozzles, of small area compared with the transverse 
area of werthe tail end of the fixed tube, adapted to transform any 
— —— of the water within the rear section of the fixed 
tube menter action or otherwise into the kinetic energy 
of Reed ected streams. (Sealed.) 


MISCELLANEOUS, 


PR w. P met, Se ; pene = 4 . G. sagese 
rappenhall. mcrete @- (1 ra.) a 1s, 1 

—This invention relates to clamping and pacing me mbers 
ada for use with either solid walls or those having a central 
air cavity and built of concrete. A clamping and spacing 
device for use in the construction of concrete walls comprises 
two uprights 2 and a pivoted cross-member 5 which carries 
near its pivoted end a bracket 6 adapted to engage the upright 2 








to ensure the perpendicularity and rigidity of the clamping 
members. The bracket 6 comprises a t-angled member 
ha one end fixed to the bar S and the formed as a fork 
oath to embrace the u tt 2 and secured thereto by 

a pin 7 passing thro both limbs of the bracket. 
A A damping bracket 11 for the ris shuttering is adjustably 





metal in form of a or shell is employed for contact 


secured in the central portion of the clamping bar 5, which is 
slotted for the purpose. (Sealed.) 


171,189. C.H. Dent, Linthorpe, Middlesbrough. Ballast 
(4 Figs. ) — 13, 1920.—In a ony 
ballast tub of the type comartsing two similar 
together, the parts tele normally kept closed by the! nd weight 
and adapted to open at the bottom by the weight of the contents, 
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ice, 
(1.189) 


the characteristic feature — the improvements consists in placing 
the pivot above the top of the container so that it does not 
carry the weight of the loaded tub. a, al are the two similar 
parts of the tub hin together by arms at the point b and 
suspended in any suitable manner by the shackles c, (Sealed.) 

<< on s. Rpg pth South Ealing, London, and 
A. B. G. SS London. Mechanical Scaffolding. 
(2 Figs.) November 4, "1920 .—This invention relates to mechanical 
scaffolding, in which a platform is mounted to slide on vertically- 
dis columns and is raised and lowered by a winch. The 
mechanical scaffolding, according to this invention, comprises 
a wheeled base a with transversely disposed end members b. 
A column ¢ is arranged at each end of the base, and is rigidly 
fixed thereto. The two columns are connected together at their 
iFig 7 ss ig Fig.2, 
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upper ends by a stay m. A platform e is mounted to slide on 
the col brackets f being mounted on and below the 
platform to assist in guiding it in its up and downward move- 
ments. The winch g is of the worm and worm wheel type and 
is mounted on the base a. The hauling rope A is attached to the 
winch barrel and passes. under pulleys located on the columns 
near their base, and over pulleys j at the heads of the columns, 
passing downward therefrom to the platform to which the other 
ends are attached. (Sealed.) 
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SNARARARENRAS / 


coil. According to this invention, a flattene 
into the form of a double invol: 


volute, the 
outmost convolution is 
convolution is attached the pointer i. (Sealed). 





THE MaNNESMANN TUBE Company, DtsssipoRF.— 
This company, in spite of certain adverse circumstances, 
expects to be able to pay 30 per cent. dividend for 1921, 
the same as for 1920. It has been decided to increase 
the capital by 91,000,000 marks ordinary and 33,000,000 
marks preference shares, and the old 15,000,000 marks 
shares will be transformed into ordinary shares. An 
agreement of co-operation, from the of the 
present year to 1951 has been arrived at with the Con- 
solidation Mining Company, which ensures the supply 
of gas and electricity to the Mannesmann Company. 
The company has also become interested in the Martins- 
briick electro-steel works and in a Czecko-Slovackian 
und It was stated by the director general that 
the iron industry—“ the heavy industry ”»—on the whole 
was not doing so well during the current year as during 
the year 1920-21. This is connected wi the recently 
abandoned resolution of the Iron Industries Union only 
to sell at fixed prices. The decision on account of the 
tremendous fluctuations of the mark, could not be carried 





into effect. 








